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PREFACE. 


In  the  '^  Desdiptiaa  of  the  Western  Islands 
of  Scotland/^  and  under  the  article  which  termi- 
nates the  account  of  the  Gneiss  Ides,  will  be  found 
the  embryo  of  the  following  book.  In  examin- 
ing many  of  the  rocks  which  occurred  in  this 
group,  it  was  found  that,  although  in  a  geolc^cal 
sense,  they  belonged  to  the  fitmily  of  gneiss,  they 
did  not  conform  to  die  mineralogical  definition 
of  that  rock  commonly  received  among  geologists ; 
this  term  having  been  allotted  to  a  foliatod  mix- 
ture of  quartz,  £dspar,  and  mica.  Had  these 
vwrieties  been  limited,  or  of  trifling  importance, 
tke  author  might  perhaps,  like  his  predecessors, 
have  been  contented  to  pass  over  the  whole  with 
little  notice,  and  to  have  infringed  on  the  mine- 
ralogical definition  of  gneiss  without  acknow- 
ledgment. But  such  a  practice  appeared  as  par- 
nicious  as  it  is  inccmmtent  with  acoinracy ;  since 
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it  must  have  served  to  increase  the  coDfusioii  al- 
ready prevailing  in  the  characters  of  this  rock^ 
precisely  in  proportion  to  the  number  of  new 
varieties  that  were  observed. 

No  expedient  could  be  adopted  for  naming 
these  varieties,  without  framing  new  terms ;  while 
they  were  too  numerous  and  important  to  be 
passed  over  in  silence.  But  such  an  attempt  ap- 
peared no  less  difficult  than  inconvenient ;  and, 
to  have  made  use  of  the  general  name  of  gneiss 
without  explanation,  would  have  been  to  produce 
the  confusion  which  has  invariably  resulted  from 
neglecting  to  define  the  sense  in  which  such 
terras  are  used.  Hence  originated  the  Synopsis 
of  Gneiss  introduced  into  that  work. 

It  was  intended  to  have  followed  the  same 
plan  with  respect  to  some  other  rocks  described 
in  those  volumes,  where  their  varying  compo- 
sition did  not  appear  to  have  been  thoroughly 
understood ;  but  it  was  soon  perceived,  that  the 
bulk  of  the  work  would  have  been  inconveniently 
increased ;  and  that  an  imperfect  attempt  toward 
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a  new  classificatioQ  ot  rocks  would  ha^e  been  tiie 
result;  as  it  was  impossible  to  introduce  all  tiie 
requisite  illustrations,  and  as  some  of  the  rocks 
found  in  nature  do  not  exist  in  those  islands. 
It  seemed  therefore  preferable  to  reserve  this 
matter  for  a  separate  essay ;  a  work  which  seemed 
to  be  imperiously  called  for  by  Ae  want  of  any 
siDotilar  system  to  wUcb  a  (tudent  could  refer  for 
information. 

A  more  minute  attention  to  the  subject,  and 
a  recollection  of  the  difficulties  which  the  author 
himself  had  experienced  in  the  commencement  of 
his  pursuits,  when  he  had  nothing  to  consult  but 
the  great  book  of  Nature,  led  to  many  modifica* 
tions,  not  only  of  the  original  design,  but  of 
the  whole  execution.  If,  in  attempting  to  render, 
not  only  himself,  but  tiie  subject  which  he  has 
undertaken,  thoroughly  intelligible  to  those  who 
have  every  thing  to  acquire,  he  has  been  led  into 
a  degree  of  minuteness  which  die  accompl idled 
geologist  may  disdain,  he  has  been  guided  by  a 
rearflectiQii  of  the  gratitude  which  he  would  once 
have  feH  for  information  equally  minute,  and,  to 


Digitized  by 


Google 


Xll  FREFACB. 

thoie  who  have  nothing  left  to  learn,  equaDy 
redandant. 

In  consideriug  the  difierent  plans  on  which  a 
classification  of  rocks  mighf  be  constructed,  he 
was,  without  hesitation,  led  to  adopt  one  founded 
on  the  geological  relations  and  positions  of  rocks 
in  nature.    The  reasons  for  this  choice  are  stated 
at  full  length  in  an  introductory  chapter.     It  is, 
however,  necessary  here  lo  remark,  that  the  basis 
of  the  arrangement  is  virtually  the  same  as  that 
adopted  by  Werner.      But,  in  the  execution,  it 
differs  in  many  important  particulars ;  either  in 
consequence  of  the  author's  own  observations, 
or  of  the  views  which  have  been  more  recently 
formed  of  the  order  of  nature,  by  those  geologists 
who,  uneducated  in  the  principles  and  doctrines 
of  the  German  school,  have  undertaken  to  ob«> 
serve  and  think  for  themselves. 

However  numerous  the  varieties  of  rocks  may 
appear  to  an  inexperienced  eye,  and  whatever 
coofiMon  and  uncertainty  may  at  first  neem  to 
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prereil  among  them,  it  will  be  £E>und,  oa  hq  Jil- 
tentiTe  examination  of  their  characters,  that  they 
admit  of  being  placed  in  groups,  distinguished 
by  certain  prerailing  mineral  characters,  that 
these  groups  are  not  very  numerous,  and  that 
die  real  differences  of  texture  and  compositioa 
are  as  limited  as  is  the  number  of  the  minerato  of 
which  they  are  composed.  It  will  further  be 
seen  that  these  different  groups,  dius  united  by 
some  prerailing  associations  of  mineral  charao- 
ters,  are  also  in  a  great  measure  distingulAed  io 
nature  by  certain  geological  or  general  rektioits, 
more  or  less  constant  and  perfect.  Thus  two 
natural  methods  of  arrangement,  the  one  founded 
on  mineral  characters;  and  the  other  on  gieo- 
logical  relations,  have  fortunately  beaoi  found 
so  far  to  coincide,  that  no  very  great  or  general 
breach  of  the  relations  of  the  one  kind  has 
been  committed  in  adopting  an  order  founded,  on 
those  of  the  other.  Wherever  this  has  occurred, 
as  in  some  remarkable  inrtances  has  hi^pened, 
the  expediency  of  the  adopted  plan  will  be  jns^ 
tified^  even  where  it  is  most  defective,  or  where 
it  is  incapable   of  embracing  both    views,  by 
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numerous  considerations  that  will  be  found  ih 
their  proper  places  in  the  body  of  the  work. 

There  are  two  principal  objects  in  view  in 
the  description  of  rocks ;  namely,  that  of  enabling 
a  mineralogist  to  refer  any  given  specimen  to 
some  general  or  particular  title,  according  to  its 
mineral  characters,  and  that  of  assisting  him  in 
determining  the  place  which  it  holds  geologically 
in  the  order  of  nature.  To  accomplish  the  for- 
mer object,  it  is  evident  that  a  description  of  all 
die  most  important  and  decided  varieties  wa* 
requisite*  But  even  the  latter  could  not  have 
been  attained  without  such  a  knowledge  of  every 
important  variety  as  would  enable  the  geologist 
to  assign  the  general  character  in  every  case, 
however  obscure.  Although  nature  may  be 
reasoned  on  in  the  aggregate,  it  must  be  studied 
in  the  details ;  nor  can  any  useful  and  satisfactory 
knowledge  of  rocks,  for  the  purposes  of  establish- 
ing general  conclusions,  be  acquired,  without  ad 
intimate  acquaintance  with  all  the  parts  which, 
by  being  reduced  under  a  common  or  leading 
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general  charaeter,  are  to  form  the  basis  of  correct 
geological  description  and  reasoning. 

if  eren  this  general  principle  were  not  uni- 
versally true,  the  experience  of  the  student  in 
this  department  would  soon  convince  him  of  that 
which  the  author  has  deduced  from  his  own; 
namely,  that  without  a  very  accurate  knowledge 
of  all  the  variations  to  which  rocks  are  subject, 
be  can  never  feel  confidence  in  determining  the 
character  and  name  of  any.  Hence  arose  tbqae 
detailed  enumerations  of  varieties  which  fmm 
the  bulk  otihe  catalogues  in  the  following  work ; 
and  the  apology  for  them  will  be  found  in  these 
com»da*ations. 

The  number  of  the  minerals  essential  to  the 
composition  of  rocks  is  exceedingly  limited.  But 
they  are  also  the  repositories  of  nearly  all  the 
minerals  in  nature ;  which,  in  a  certain  sense, 
may  therefore  be  considered  as  constituent  parts 
oi  the  masses  which  are  treated  of  in  this  work^ 
These  unessential  minerals  are,  however,  the 
objects  of  i^steins  of  mineralc^;  in  which  they 
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will  be  found  described  by  the  numerous  authors 
who  have  vnitten  or  compiled  treatises  on  diis 
subject.  Here,  it  has  been  sufficient  to  enu* 
merate  them  under  the  titles  of  the  rocks  in 
ifhich  they  occur. 

But,  independently  of  these  minerals,  of  che^ 
mical  composition,  numerous  organized  bodies^ 
die  remains  of  animals  or  vegetables,  existing  at 
remote  periods  during  different  states  of  thet 
earth^s  surface,  are  found  imbedded  in  rocks. 
These  also,  like  chemical  fossils,  have  distinct 
characters,  dependent  on  their  organization, 
which  are  of  an  interesting  nature,  but  which, 
like  those  of  minerals,  form  objects  for  a  separate 
treatise,  connected  with  the  departments  of  botany 
and  zoology. 

One  important  difference  however  exists  be^ 
tween  chemical  and  oi^^anized  minerals,  as  to 
the  value  which  they  severally  possess  in  a  geolo- 
gical view.  From  the  former,  little  comparative 
information  is  derived  respecting  the  different 
states 6f  die  earth's  surface  at  different  periods; 
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and  they  are  chiefly  therefore  interesting  as  they 
are  connected  with  the  mineral  history  of  rocks* 
But  the  different  species  of  the  latter,  are,  iB 
many  cases,  intimately  connected  with  the  viewd 
that  may  be  entertained  respecting  the  different 
condition  of  the  globe  at  distant  periods.  Thus 
they  form  an  interesting  part  of  the  geological 
history  of  rocks ;  sometimes,  indeed,  offering  the 
only  proofs  that  can  be  obtained  of  similarity  or 
difference  of  character,  in  cases  where  the  geo^ 
logical  analogies  or  differences  are  of  an  import-* 
ant  nature^ 

To  have  given  therefore  the  names  of  these 
organic  species  in  connection  with  the  rocks 
which  contain  them,  and  of  which  the  mineral 
characters  alone  are  described  in  the  following 
work,  would  have  added  materially  to  its  value ; 
more  particularly  as  it  is  intended  to  facilitate 
the  study  of  geological  relations.  This  however 
was  impossible.  Our  information  on  this  subject 
18  as  yet  so  litnited,  that  many  species  remain  not 
only  undescribed  and  unnamed,  but  scarcely  any 
admit  of  being  certainly  referred  to  a  constant 
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order  of  geological  position,  or  can  be  traced  ex- 
clusively to  particular  strata.  To  have  given 
that  which  is,  or  is  thought  to  be,  really  known 
on  this  subject,  would  have  been  of  little  utility  ; 
as  the  numerous  exceptions,  and  the  chances  of 
eiTor,  must  have  produced  a  mixture  of  uncer* 
tainty  and  confusion  that  would  have  defeated 
the  rery  objects  for  which  this  knowledge  is 
principally  valuable. 

Even  the  mere  history  of  the  numerous  fossil 
species,  whether  of  plants  or  animals,  must  be 
the  work  of  time ;  and  can  only  be  improved  as 
the  numbers  of  those  geologists  who  have  culti- 
vated the  study  of  botany,  zoology,  and  compa- 
rative anatomy^  shall  increase.  That  history 
must  also  be  completed  before  it  can  be  ef- 
fectually connected  with  the  circumstances  of 
their  geological  position  and  relations ;  nor  will 
this  connection  be  easily  formed  unless  geological 
knowledge  is  united  in  the  same  individual  to  an 
accurate  acquaintance  with  these  organic  sub- 
stances. The  rapidly  increasing  number  of  those 
who  cultivate  these  department9  of  natural  know'- 
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ladge,  and  the  great  additiood  recently  made  to 
the  htstoiy  of  these  species,  give  us  reason  to 
hope  that  the  time  is  not  far  distant  when  a  system 
of  organic  mineralogy  (if  this  term  is  admis- 
9ible,)  will  be  formed.  Whenever  that  shall  hap- 
pen, a  new  and  independent  work  will  be  pro« 
jduced  to  comprise  that  department  which  could 
not  here  have  been  attempted  with  any  prospect 
of  advantage,  and  which  has  therefore  been  in- 
tentionally passed  over. 

The  student  whose  pursuit  is  chiefly  directed 
towards  the  mineral  chai*actersof  rocks,  or  whose 
object  it  may  be  to  form  a  collection  of  specimens, 
may  be  surprised  to  find  that  so  many  substances 
are  comprised  in  the  present  arrangement  under 
so  small  a  number  of  names.  But  it  has  been 
the  constant  endeavour  of  the  author,  not  only 
to  shun  technical  phraseology  where  facts  can  be 
described  in  ordinary  langua^,  but  to  avoid  in- 
troducing new  terms  wherever  it  was  possible  to 
]Hroceed  with  those  which  have  been  long  re- 
ceived or  generally  acknowledged.  However 
exceptionable  these  may  sometimes  be,  their  in- 
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conveniences  are  far  exceeded  by  that  which  re- 
sults from  frequent  changes ;  while  such  a  prac« 
tice  offers  a  bad  example  to  those  who,  from  a 
minute  ambition,  are  always  too  ready  to  follow 
in  the  same  path ;  or  who,  from  incapacity  or 
indolence,  find  it  easier  to  remove  a  difficulty  by 
the  invention  of  a  name,  than  by  an  attentive 
study  of  their  specimens,  and  a  comparison  with 
the  descriptions  of  preceding  writers.  To  this 
it  may  be  added,  that  whatever  convenience  may, 
on  the  other  hand,  result  from  reforming  the  pre- 
sent nomenclature  of  rocks,  the  state  of  the 
science  is  as  yet  so  imperfect,  that  it  could  not  at 
present  be  effectually  done.  To  make  changes 
therefore,  that  must  in  succession  be  amended  by 
future  reformations  until  the  time  for  a  complete 
and  effectual  one  is  arrived,  would  be  to  increase 
the  confusion  of  this  subject  for  a  long  period, 
and  thus  to  generate  a  deeper  obscurity  than  that 
which  results  from  the  present  deficient  state  of 
the  nomenclature. 

The  geological  reader  who  is  acquainted  with 
some  recent  attempts  on  this  subject,  will  find 
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strong  examples  of  the  truth  of  this  reasoDiDg. 
Leading  out  of  cousideration  the  nature  of  the 
basis  on  which  those  reforms  have  been  founded, 
and  the  geological  confusion  thence  generated,  it 
must  be  apparent  that  the  descriptions  of  the 
authors  who  have  thought  proper  to  follow  this 
plan,  are  unintelligible  without  a  reference  to  a 
new  catalogue;  and  that,  were  it  even  fixed  in  the 
memories  of  readers,  they  are  still  subject  to  the 
inconvenience  of  thinking  in  two  languages  ; 
while  the  want  of  a  general  reception  of  this  new 
nomenclature,  and  the  continued  use  of  that  of 
Werner,  among  many  geolc^sti,  *has  produced 
authors  of  which  the  one  half  is  unintelligible  to 
Ibe  other. 

The  very  extensive  influence  and  reception  of 
the  terms  adopted  by  Werner,  would  have  been  a 
sufficient  reason  for  using  them,  had  there  been 
no  other  grounds  for  that  selection.  In  what 
respect  his  views  may  have  been  incorrect  or  im- 
perfect, it  is  not  here  necessary  to  enquire  ;  and 
the  deviations  from  them  which  have  been  made 
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in  the  following  work,  are,  with  their  justifica- 
tion, staled  whenever  they  occur. 

It  must  also  be  remarked,  that  although  there 
is  a  considerable  deficiency  of  the  terms  which 
would  be  required  to  distinguish  the  rocks  in  the 
following  catalogues,  according  to  their  mineral 
characters,  the  nature  of  the  arrangement  here 
adopted  is  such  as  to  render  this  a  trifling  incon- 
venience. That  arrangement  is  founded  on  geo- 
logical principles ;  and,  with  a  few  modifications, 
the  general  terms  already  in  use,  have  been  found 
sufficient  for  the  purposes  in  view*  They  will 
at  least  suffice  in  the  present  state  of  our  know- 
ledge. Should  any  serious  imperfections  still 
exist,  or  hereafter  arise,  it  will  be  more  prudent, 
as  in  some  instances  has  here  been  done,  to  make 
the  requisite  changes  or  additions  in  a  gradual  ^ 
manner;  to  repair  the  antient  structure  rather 
than  to  erect  a  new  edifice.  Authority  of  mode- 
rate influence  will,  thus  receive  attention  when 
good  reasons  are  superadded  to  its  weight ;  and 
time  will  thus  perfect  a  system  of  terms  which, 
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if  neither  Tery  el^[ant  nor  r^pilar,  will  be  osefiil 
and  intelligible,  and  will  not  produce  the  great 
evil  of  throwing  into  absolute  shade  the  obser- 
vations of  preceding  writers.  To  submit  to  bare 
authority  is  not  one  of  the  characters  of  an  en- 
quiring  age  ;  and  the  cultivators  of  the  sciences 
ander  review,  are  far  too  numerous  and  too 
jealous  to  admit  of  a  despotic  and  general  reform, 
which,  if  it  may  sometimes  proceed  from  a  source 
so  respected  as  that  of  Brongniart,  is  more  often 
in  danger  of  being  found  in  hands  ambitious  of 
unmerited  fitme. 

Afl  the  present  arrangement  of  rocks  is 
founded  on  geological  principles,  it  is  evident 
that  the  geological  history  of  the  rocks  became 
an  indispensible  part  of  it.  Without  such  des- 
criptions, indeed,  it  would  have  been  deficient  in 
one  of  the  circumstances  most  essential  to  clear- 
ness ;  as  it  would  have  wanted  an  explanation  of 
the  sense  in  which  the  tenns  were  used.  These 
descriptions  would,  it  is  true,  have  been  super- 
iucNis,  if  any  system  of  geology  had  existed  to 
which  the  author  could  with  safety  have  referred. 
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It  is  unnecefliary,  to  geok^ists,  to  say  that  no 
such  system  does  ^exist ;  as  they  must  be  fully 
aware  of  that  defect ;  and  to  have  referred  the 
re^ijier  to  that  which  has  been  proved  incorrect 
and  imperfect,  would  have  been  in  some  measure 
to  defeat  the  objects  of  the  present  work ;  one  of 
die  designs  of  which  has  been,  to  bring  into  a 
system  more  consonant  to  the  apparent  order  of 
Mature,  those  facts  which  the  labours  of  the 
author,  or  the  industry  of  others,  have  collected^ 
Had  be  even  )[>een  content  to  refer  to  other 
authors  for  that  which  he  believe?  to  be  correct  in 
their  writings,  he  must  still  have  followed  the 
practice  which  he  has  adopted,  in  those  cases 
where  his  pwn  views  diflfer  from  those  of  his  pre- 
decessors. Thqs  the  geological  prefaces  which 
precede  each  Synopsis  beoone  indispensible ;  as  it 
Was  only  by  reducing  the  whole  under  one  general 
plan,  that  he  could  either  have  preserved  consist- 
ency or  rendered  his  own  statements  intelligible. 

In  arranging  these  prefaces,  it  was  found  dif- 
ficult to  draw  the  line  between  that  which  might 
have  been  said  on  the  subject  and  that  which  it 
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WM  iDcHflpeoable  to  say.  It  has  been  attempted 
bowe?erto  limit  those  renarks  rigidly  to  that 
which  may  be  considered  the  natural  history  of 
the  different  rocks  ;  or  to  mere  details  of  matters 
of  fact  respecting  the  general  characters  and  re* 
lations  of  the  larger  masses  which  constitute  the 
earth's  surface.  Tlius  fiir  therefore  the  follow- 
ing work  comprises  the  elements  of  geological 
science.  But  that  science  is  not  limited  to  a 
mere  history  of  rocks ;  as,  independently  of  the 
highly  important  branch  of  organic  mineralogy, 
it  inrolves  the  consideration  of  actions  and  events, 
and  an  enquiry  after  causes,  for  which  no  room 
could  here  have  been  found  witho\it  adopting  a 
plan  entirely  different ;  without  combining,  in 
one  word,  a  general  treatise  on  geology  with  a 
detailed  catalogue  of  all  the  rocks  in  nature.  It 
seemed  expedient  to  keep  these  two  works  separ 
rate ;  that  the  manual  of  the  student  might  be 
less  encumbered  with  unnecessary  matter ;  and 
that  more  ample  room  might  be  reserved  for  dis- 
cussions which  could  not  have  been  crowded, 
without  great  inconvenience,  into  a  narrow  space ; 
that  speculations  and  theories  might,  in  short,  be 
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separated  from  subjects  of  mere  detail.  The 
author  hopes,  in  no  long  time,  to  present  under  a 
separate  form,  that  which,  after  having  been 
written,  it  became  necessary  to  exclude  from  the 
present  work. 

In  as  far  as  the  general  views  which  are  here 
entertained  of  the  geological  arrangements  of 
nature,  are  not  to  be  found  in  the  writings  of 
other  observers,  they  have  been  drawn  from 
the  author's  observations ;  and,  as  he  imagines, 
confirmed  by  them  when  not  strictly  new.  Thus 
far  he  is  responsible.  Where  he  has  differed  from 
such  writers  in  these  views,  it  was  because  their 
observations  did  not  appear  to  him  founded  on 
an  unbiassed  and  accurate  investigation  of  na« 
turC)  and  because  he  could  not  reconcile  them  to 
the  facts  which  came  under  his  own  notice. 
Where  he  differs  only  in  details,  or  in  points  of 
minor  importance,  fltnn  those  who  have  enter- 
tained the  smne  general  views,  it  is  because  he 
imagines  their  observations  imperfect,  and  that, 
with  the  same  store  of  facts,  they  would  have 
arrived  at  the  same  conclusions.    He  can  only 
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add  that  he  is,  like  e?ery  one  else,  wining  to 
itnagine  himself  an  unbiassed  observer,  because, 
owing  to  the  unexpected  circumstances  which 
forced  this  study  on  him,  he  was  driren  into  the 
field  of  obserration  long  before  he  knew  what 
his  predecessors  in  the  same  path  had  been  doing. 
Nor,  on  a  subsequent,  and,  as  he  trusts,  an  im« 
partial  review  of  those  writings,  has  he  found  any 
reason  to  suppose  that  he  had  been  misled  by 
trusting  only  to  that  great  book  wliich  is  open  to 
all  who  will  bring  to  it  a  desire  to  learn. 

For  most  of  the  local  examples  whence  die 
conclusions  have  been  drawn,  he  has  been  com- 
pelled to  refer  to  his  own  observations ;  often  very 
unwillingly ;  as  he  is  sensible  that  they  must  ap- 
pear to  have  been  derived  from  too  limited  a  source. 
Yet,  on  this  subject,  it  may  be  said,  that  through- 
out the  earth,  a  remarkable  consistency,  or  at 
least  a  constant  train  of  analogy  and  resemblance, 
is  visible  in  the  disposition  and  relations  of  rocks; 
and  that  in  no  spot  of  equally  limited  extent  with 
Britain,  is  all  the  variety  which  the  earth  afforda, 
presented  in  a  more  condensed  and  intelligible 
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fonn.  On  comparing  also  these  details  with  the 
observations  of  others,  where  the  secould  be  divest- 
ed of  those  theoretical  opinions  which  sometimes 
obscure  them,  he  has  found  no  reason  to  doubt  of 
their  truth.  If  he  has  not  referred  to  those 
authors,  abundant  reasons  might  be  shewn  for  the 
omission,  some  of  which  must  be  obvious  to  every 
one  acquainted  with  the  subject,  but  into  which 
he  cannot  here  enter  without  endangering  a 
lengthened  detail  and  invidious  discussions.  He 
believes  that  the  facts  which  are  hei*e  stated  are 
generally  in  harmony  with  those  that  are  to  be 
found  in  the  works  of  his  predecessore  and  cotem- 
poraries  who  have  seriously  and  practically  inves- 
tigated the  same  subject,  with  the  wish  to  learn, 
and  with  that  preliminary  knowledge  without 
which  no  one  can  see.  As  to  those  who  have 
written,  without  observing,  it  is  not  in  geolo* 
gical  science  only,  that  it  is  necessary  to  overlook 
the  <<  qjyestionable  reporters  of  the  questionable 
authority  of  others/' 

With  respect  to  some  of  the  geological  pre- 
figures, they  may  appear  of  an   undue  length. 
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Bat  the  cause  must  here  be  sought  in  the  pre- 
vious obscurity  of  the  subject,  in  the  novelty  of  the 
views,  and  in  the  necesmty  thence  arising  for  an 
ample  elucidation.    Hereafter,  should  these  views 
be  received  as  correct,  and  become  an  established 
part  of  geological  belief,  these  details  will  admit 
of  condensation.    Where  the  facts  have  been  such 
as  are  generally  received,  they  are  stated  in  the 
most  brief  form  which  was  consistent  with  the 
objects  in  question .    The  same  apology  will  apply 
to  those  repetitions  of  the  same  matter  in  differ- 
ent lights,   which  will    occasionally  be   found 
throughout  the  work.     From  the  same  cause 
arose  explanations  and  reasons,  in  defence  of  par- 
ticular statements,  and  in  justification    of  the 
adopted  arrangements.    To  have  rescinded  that 
justificatory  matter,  which  is  in  itself  toa  often 
tedious  and  inconvenient,  would  have  been  to 
incur  the  greater  blame  of  dogmatic  assertion,  and 
of  an  attempt  to  support  by  mere  opinion,  or  from 
caprice,  that  which  appeared  really  founded  on  a 
fair  induction  of  evidence,  or  on  some  conveni- 
ence in  the  plan  of  the  work.    It  is  bare  justice 
to  a  reader  to  assign  reasons  for  that  novelty 
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which,  when  once  received,  will  require  no  fur- 
ther justification.  Hereafter,  much  may  be 
rescinded  which  could  not  now  have  been  omit- 
ted. Those  to  whom  these  reasons  are  given  will 
thus  also  be  furnished  with  the  means  of  making 
future  correcticuis ;  since  their  attentions  will  be 
turned  to  those  more  questionable  points  for 
which  the  dame  justification  is  not  offered :  they 
will  be  led  to  examine  that  which  the  author  has 
not  sufficiently  considered,  and  to  improve  a  work, 
of  the  deficiencies  of  which  he  is  far  more  sensible 
than  his  readers  will  at  first  be. 

One  remark  yet  remains  to  be  offered  on  the 
plan  of  this  work* 

Although,  from  varioiils  geological  writings,  a 
more  or  less  just  notion,  of  the  general  features 
and  dispositions  of  rocks,  and  of  the  systems  under 
which  they  have  been  arranged^  may  be  derived, 
there  is  no  one  work  in  which  these  can  conveni- 
ently be  found,  and  none  in  which  some  of  the 
views  here  entertained  are  to  be  learnt.  The 
mere  student,  at  least,  would  be  at  a  loss  to  form 


Digitized  by 


Google 


PREFACE.  XXXI 

for  himself  any  accurate  ideas  on  that  which  is 
known  by  experieqced  geologists,  however  dif- 
ferently it  may  be  held  in  estimation  by  different 
persons ;  since  it  is  either  traditional,  or  scattered 
through  various  miscellaneous  writings.  But 
even  could  this  knowledge  have  been  found  else- 
where, it  would  not  have  been  the  less  necessary 
here ;  although  it  might  then  have  been  stated  in  a 
more  condensed  manner.  But  it  is  the  Site  of  all 
first  attempts  to  be MiperfluoHS,  perhaps. diffuse; 
since  the  eventual  utility  of  that  whicli  is  new 
cannot  always  be  foreseen.  Condensation  is  the 
result  of  time,  and  of  that  experience  which  rejects 
what  is  no  longer  essentiiJ.  If,  in  studying  to 
render  his  labours  useful  and  intelligible  to  those 
for  whose  use  it  was  designed,  the  author  has  pro- 
duced a  work  far  more  bulky  than  he  had  at  first 
contemplated,  it  must  be  recollected  that  it  is  easy 
to  eradicate  the  feebler  plants  of  the  forest  when 
the  more  vigorous  trees  have  rooted  themselves 
in  the  soil. 
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CHAP.  I. 

INTRODUCTORY  REMARKS  ON  THB  METHODS  0^ 
ARRANGING  ROCKS,  WHICH  HAVE  BEEN 
ADOPTED  BT  DIFFERENT  MINERALOGISTS^ 

T^HE  classification  of  rocks  labours  under  diffi- 
culties of  such  a  nature,  that  no  system  has  yet 
been  proposed  which  can  be  considered  unex- 
ceptionable ;  although  the  subject  has  occupied 
dbe  attention  of  many  geologists  of  the  greatest 
experience.  In  the  present  state  of  our  know- 
ledge, they  seem  indeed  to  be  insuperable ;  not 
does  it  appear  possible  to  suggest  any  arrange- 

B 


Digitized  by 


Google 


ment  which  can  even  be  said  to  approach  to  that 
which  is  considered  a  classification  in  the  organic 
departments  of  Natoral  History.  The  difficulties 
which  have  been  experienced,  even  by  mineralo- 
gists, in  their  attempts  to  produce  a  perfect,  or  a 
commodious  classification  of  minerals,  have  hi- 
therto proved  insuperable ;  but  to  the  obscurity 
and  doubt  pervading  that  department,  in  which 
it  necessarily  shares,  the  classification  of  rocks 
adds  others  peculiar  to  itself.  I  do  not  pretend 
to  accomplish  that  in  which  others  have  failed  ; 
but,  in  adopting  the  present  as  a  temporary  ar- 
rangement, have  been  guided  by  the  principle  of 
utility;  chusing  that  method  which,  while  it 
seemed  most  applicable  to  those  researches  for 
which  the  study  of  rocks  is  peculiarly  desirable, 
appeared  also  to  be  the  most  susceptible  of  future 
improvement. 

A  critical  examination  of  the  difier^nt  arrange- 
ments which  have  already  been  proposed,  would 
doubtless  be  of  utility  to  the  reader,  by  display- 
ing fninutely  the  inerits  and  fatilts  of  tech,  and 
by  thus  pointing  out,  in  a  practical  manner,  the 
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diflSicukies  under  which  the  subject  labours,  and 
die  objects  yet  to  be' accotuplished.  But  the  task 
might  appear  invidious,  and  would  lead  to  a  dis* 
sertation  too  extensive  for  an  introduction  of  this 
nature.  It  will  nevertheless  be  of  use  to  examine 
Ihe  reasons  which  may  be  assigned  in  favour  of 
each  of  the  leading  principles  of  arrangement 
^hich  have  divided  geologists^and  the  objections 
whichyon  the  other  hand,  may  be  naade  to  both. 
Thus  the  reader  of  the  following  pages  will  obtyon 
a  clearer  view  of  difficulties  which  he  perhapaha^ 
never  considered,  and  be  enabled  to  appreciate 
the  motives  which  have  led  to  the  selection  of  that 
daasification  which  has  here  been  adopted. 

The  two  prineipal  bAses  on  which  an  airrang^- 
flMut  of  rocks  tnay  be  Ibrmed,  are  a  mineralogical 
and  a  geological  one.  Each  of  these  is,  iu  a  cer- 
Hdniense,  natural ;  the  former  conmlting,  or  pro* 
fessing  to  consult,  the  nature  alone,  of  thesub*- 
ita»ees  to  be  arranged,  the  latter  being  founded 
ott  the  great  relations  which  they  bear  to  asush 
other  and  to  the  general  structure  of  the  earth. 
Bronguart  is  the  chief  advocate  in  favour  of  the 
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mineralogical  method;  different  geologists  of  the 
Wernerian  school  maintain  the  superior  expedi-f 
ency  of  the  other. 

The  following  are  the  advantages  whi(^  are 
supposed  to  be  derived  from  a  mineralogical  clas- 
sificatlon* 

It  is  natural,  inasmuch  as  it  describes  natural 
combinations  of  known  substances,  just  as,  in  the 
organic  departments  of  nature,  these  are  distin- 
guished by  certain  combinations  of  forms. 

It  separates  the  simple  from  the  compound 
rocks  ;  referring  the  former  to  that  which  is  con- 
ceived their  proper  place  in  a  system  of  miner- 
alogy. 

Itdescribeat  the  same  compound  but  once; 
and  hence  avoids  the  repetition  which,  in  a  geo- 
logical arrangement,  results  from  considering  a 
rock  in  two  places  because  it  occurs  in  two  differ- 
ent positions  in  nature. 

It  limits  the  same  term  to  the  same  compound, 
and,  with  a  nomenclature  sufficiently  extensive, 
would  provide  a  name  for  every  rock. 

It  is  eafsy  of  application,  as  it  requires  QOgeo- 
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logical  ioTestigation,  and  only  demands  a  preyi- 
OU8  knowledge  of  minerah. 

It  involves  no  hypothetical  views. 

To  each  of  these  advantages  may  be  opposed 
corresponding  disadvantages ;  independently  of 
some  general  objections  to  the  system.  It  will  be 
convenient  to  consider  these  first ;  adding  to  them 
such  remarks  as  appear  requisite  for  the  more 
perfect  illustration  of  the  subject. 

We  must,  in  the  first  place,  avoid  being  misled 
in  favour  of  a  mineralogical  arrangement  of4*ocks 
by  the  very  obvious  analogy  of  classifications  of 
^minerals.  The  study  of  minerals  is  distinct  from 
tiiat  of  the  structure  of  the  earth,  however  inti- 
mately allied  these  two  subjects  may  be  :  and,  in 
as  far  as  that  alone  is  concerned,  they  must  be  con- 
sidered as  independent  natural  productions,  pos- 
Bemng  external  characters  more  or  less  definite^ 
tmd  subject  to  certain  laws,  whether  of  chemi- 
cal composition  or  geometrical  arrangement,  by 
which  they  are,  or  may  be,  arranged  in  some  na- 
tural or  artificial  method.    Their  connection  with 
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rocks,  or  with  the  structure  of  the  earthy  is,  doubt* 
less,  an  important  part  of  their  history ;  but  as  it 
'  does  not  enter  into  the  principles  on  which  they 
are  to  be  arranged,  so  it  offers  no  argument  for 
thus  extending  that  system  under  which  they  are 
classed,  to  the  classification  of  these  objects  also. 

It  will  here  be  readily  admitted,  that  a  miqer- 
alogical  arrangement  of  rocks  is  the  best  adapted 
to  illustrate  the  mineral  history  of  the  species  which 
are  to  be  ranked  under  it ;  and  that,  if  we  had  no 
other  view  in  studying  rocks  than  to  become  ac- 
qaai^ted  with  their  mineral  composition,  it  oog^ 
to  be  preferred.  Such  an  arrangement,  could  it 
be  perfected,  would  doubtless  facilitate  the  des- 
cription  of  a  cabinet  of  specimens ;  but  this  is  an 
object  of  very  trivial  importance. 

The  chief  end  in  view  in  the  study  of  rocks 
is  to  inquire  i*espectiQg  the  structure  of  the  earfli. 
Heilce  it  becomes  our  business  to  investigate  their 
propiortions,  their  gradations,  their  analogies  to 
each  other,  their  mutual  dependence,  their  order 
of  suceessicfB  and  disposition^  and  the  .general 
relatiotis  of  all  kinds  which  they  bear  to  each 
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other»  as  well  as  to  that  structure  which  forms  the 
leading  object  of  geology.  On  this  subject  a 
mineralogical  arrangemeDt  caa  throw  no  light; 
as  the  same  limited  number  of  .minerals  is  re- 
peated, in  different  proportions  or  combinations, 
throughout  every  part  of  the  whole  series  of 
rocks. 

If  a  mineralogical  arrangement  of  rocks  is  to 
be  adopted,  it  should  be  combined  with  a  classifi- 
cation of  minerals ;  of  which  the  object  is,  to  des- 
cribe accurately,  and  to  class  in  a  manner  the 
mast  convenient  for  investigation,  all  the  subjects 
concerning  which  it  treats.  And,  as  in  systems 
of  mineralogjr,  the  simple  rocks  are  described 
am6ng  the  simple  minerals,  so  the  compouTid 
ought  to  form  a  part  of  the  catalogue  of  accidents 
in  the  history  of  each  mineral,  and  should.be  enu- 
merated  among  the  circumstanoes  of  position  un- 
der which  that  occum. 

If,  in  such  an  arrangement,  some  plan  of  this 
nature  were  not  adopted,  the  rocks  would  be  se- 
parated under  two  distinct  beiEids :  a  plain  produc- 
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tive  of  great  inconvenieoGe,  as  they  form  so  im- 
portant a  part  of  the  history  of  the  earth,  and  are, 
moreover,  the  natural  repositories  of  die  greater 
nmnber  of  mineral  substances.  In  this  manner 
indeed  they  have  already  been  separated  by  miner- 
alogical  writers ;  among  whom  it  has  been  die  prac- 
tice to  enumerate  the  simple  rocks  in  their  cata- 
logues of  minerals.  In  those  works,  no  particular 
inconvenience  follows  this  proceeding :  the  want 
of  consistency  which,  in  some  instances,  results, 
is  not  without  its  countervailing  advantages. 

But  if  this  plan  were  extended  to  all  rocks,  as 
it  must  be,  unless  a  better  system  of  mineral  clas- 
sification is  adopted,  even  the  same  rock  must  be 
sought  for  in  two  catalogues,  perhaps  in  the  works 
of  two  different  authors ;  if,  as  frequentiy  hap- 
pens, it  is  simple  in  one  part  and  compound  in 
another.  Compact  felspar  passing  into  porphyry, 
basalt  passing  into  greenstone,  limestone  under 
many  of  its  modifications,  and  many  other  rocks, 
offer  examples  illustrative  of  this  inconvenience. 

Although  a  classification  of  minerals  could  be 
rendered  perfect,  this  objection  would  of  itself 
form  an  insuperaUe  bar  to  the  adoption  of  such 
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a  system  for  the  classification  of  rodcs.  Bat  even 
in  fliis  department,  the  inyolTed,  obscure,  and 
often  unintelligible  nature  of  the  affinities  and . 
qualities  of  the  substances  appertaining  to  it,  have 
bitberto  prevented,  or  rather  defeated,  all  attempts 
at  a  natural  classification  ;  and  will  probably  long 
deprive  us  of  an  arrangement  which  shall  be  na- 
tural, and,  at  the  same  time,  useful. 

These  apparently  insuperable  obstacles,  which 
as  yet  impede  a  classification  of  minerals,  equally 
interfere  with  a  classification  of  rocks.  But  even 
those  are  not  the  whole  ;  since  we  must  add  to 
them  the  additional  difficulties  which  arise  from 
the  innumerable  and  apparently  capricious  modes 
in  which  these  minerals  are  intermixed  and  varied, 
and  firom  the  consequences  in  the  composition 
and  structure  of  rocks  thence  resulting. 

If  we  first  examine  the  efiects  which  would  arise 
from  assuming  the  composition  ofrocks  as  the  basis 
of  an  arrangement,  we  shall  find,  that,  although 
nature  presents  us  with  many  mineral  species, 
a  very  limited  number  only  of  these  enters  into 
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those  CGfnpomid^ ;  the  most  important  character* 
of  which  are  frequently  independent  of  the  mine- 
rals in  their  composition.  Nor  is  it  unusual  for  a 
rock  to  preserve  all  its  niost  essential  characters^ 
even  when  it  has  lost  one  of  the  substances  which, 
on  such  a  classification,  must  be  esteemed  essen- 
tial, or  when  it  has  acquired  another  which  ought 
to  transfer  it  to  a  different  division.  Such  a  basis 
of  classification  is^  in  fact,  too  narrow ;  independ- 
ently of  the  more  essential  fault  of  possessing  np 
necessary  relation  to  the  other  important  charac- 
ters of  rocks. 

If  rocks  are  to  be  arranged  according  to  some 
mineral,  as,  for  example,  mica,  it  is  evident  that 
substances  so  discordant  and  multifarious  as  gnir 
nite,  gneiss,  micaceous  schist,  micaceous  sand- 
stone, micaceous  shale,  porphyiy  containing  mica, 
and  claystone  with  mica,  will  be  found  associated 
in  one  division. 

If  again,in  fhus  arranging  the  compound  rocks, 
the  name  of  some  one  int^jgrant  mineral  be  made 
the  leading  characteristic,  it  will  frequently  hap- 
pen that  no  sufficient  reason  can  be  assigned  for 
nelectiiig  one  in  preference  to  another ;  as,  in  many 
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ipecies,  two,  or  even  three  minemK  iwy  be  pre- 
sent in  nearly  equal  proportious*  Moreover^  ia 
these  compoiuids,  as  it  is  not  unfrequent  to  fincl 
the  component  minerals  alternately  predominant, 
it  must  follow  that  different  Tarieties  of  the  same 
rock  would  be  found  in  different  divisions,  ami, 
of  course,  under  different  names.  We  need  not 
look  far  for  examples  of  confusion  under  sudk  a 
system :  granite  offers  a  very  obvious  one. 

Such  are  the  inconveniences  that  must  follow 
irom  adopting  the  presence  of  any  particular  mir 
neral  as  the  principle  of  arrangement  But  the 
same  reasoning  applies  to  any  attempt  to  arrange 
rocks  according  to  the  degree  of  their  composition^ 
or  the  number  of  substances  of  which  they  ace 
compounded. 

If  they  are  to  be  divided  into  binary  or  ternary 
compounds,  it  is  easy  to  perceive  that  the  same 
effect  of  separating  those  which  are  naturally  coor 
joined,  even  in  the  same  specimen,  and  of  uniting 
those  which  are  entirely  distinct  in  every  other 
essential  character,  will  follow.  Thus,  for  exam- 
ple»  the  granites  of  three  ingrediepts  would  be 
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separated  from  those  which  contain  two,  or  four ; 
and  thus  also  shale,  and  jasper,  or  claystone,  and 
limestone,  or  micaceous  schist,  ahd  sandstone 
containing  mica  or  carbonate  of  lime,  would  be 
found  in  the  same  division. 

It  would  be  abundantly  easy  to  illustrate  these 
different  remarks  by  innumerable  examples ;  but 
it  is  here  unnecessary,  as  the  geological  readar 
can  easily  supply  them,  and,  to  the  student,  they 
could  not  be  rendered  intelligible  without  anti- 
cipating that  which  he  cannot  yet  be  supposed  to 
understand. 

Nor  can  any  system  be  suggested,  as  far  as 
can  be  perceived,  formed  on  such  a  basis,  that 
will  not  somewhere  produce  confusion  and  incon- 
venience similar  to  these :  and  it  must  indeed  be 
obvious,  that  it  possesses  die  deceptive  rather  than 
tiie  real  characters  of  a  natural  method.'  It  is  un- 
necessary to  examine  the  several  modes  of  arrange- 
ment on  such  a  mineralogical  principle,  which 
have  been,  or  might  be  suggested,  as  it  would 
prolong  these  criticisms  to  little  purpose. 

If  now,  the  structure,  or  rather,  the  texture^ 
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of  a  rock  be  made  the  bams  of  arrangement,  it  is 
equally  plain,  that  mider  the  granitic,  the  por- 
phyritic,  or  the  schistoae,  cognate  sabstances  will 
be  widely  separated,  and  those  which  are  entirely 
different  in  othar  more  essential  circumstances, 
be  associated. 

As  the  very  purpose  of  a  mineralogical  arrange- 
ment is  to  describe  rocks  considered  as  indepen«> 
dent  of  their  cdnnexions  in  the  great  order  of  na- 
ture, or  to  produce  accurate  definitions  of  sped- 
mens,  it  necessarily  renders  of  equal  value  those 
which  are  the  most  and  those  which  are  the  least 
important  in  the  history  of  the  earth.  Accidental  or 
rare  modifications  thus  claim  as  great  a  d^ree  of 
attention  as  those  which  are  the  most  steady  and 
of  the  most  general  occurrence;  while  difierences, 
extremely  important  in  the  geological  history  of 
rocks,  but  dot  of  a  nature  to  excite  much  attention 
in  a  specimen,  or  not  presenting  mineralogical 
differences  of  a  conspicuous  nature,  pass  with 
little  notice. 

Hence,  although  the  aflinities  on  which  a 
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mmeralogical  claflsificatlon  igfouuded,  render  that 
fnrangement  natural,  in  one  sense,  or  according 
to  the  compoBitidn  of  its  objects,  it  is,  in  a  more 
important  sense,  unnatural ;  since  it  separates 
those  wider  and  more  interesting  affinities  by 
which  rocks  are  connected  with  each  other  and 
related  to  the  general  structure  of  the  earth.  As 
a  i^rstem,  it  is,  in  fa<^t,  an  artificial  one,  with  the 
imposing  aspect  of  a  natural  association  ;  «ince  it 
is  founded  on  a  correspondence  of  one  minute  set 
of  appearances,  negligent  of  the  larger  features, 
uid  of  the  numerous  other  points  of  affinity  or 
difference  which  prevail  among  the  objects  of  its 
contemplation.  It  resembles  the  artificial  arrange- 
ments of  tlieantient  botanists,  as  compared  with 
the  more  philosophical  views  of  the  modems  in 
th^ir  attempts  to  found  one  on  the  characters  of 
natural  orders. 

It  i&  of  litde  consequence,  for  example,  whe- 
ther a  bed  of  hornblende  schist  alternating  with 
j^eiss,  contains  a  few  grains  of  felspar  or  not. 
Yet,  in  a  mineralogical  ^stem,  while  the  com- 
'poMd  Tock  muk  be  placed,,  susr^was  formerly  ob- 
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served,  in  one  class,  'file 'simple  is  placed  in  ano- 
itter ;  or  rather  it  is  not  at  all  to  be  found  in  the 
catalogue  of  rocks,  being  described  in  the  mine- 
ralogical  arrangement  Or,  the  occasional  pre* 
sence  of  calcareous  carbonate  in  a  specimen  of 
micaceous  schist,  renders  it  necessary  to  erect 
a  new  species,  when  perhaps  a  whole  continent 
may  not  produce  a  few  yards  in  extent  of  such  a 
Tariety.  Thus  also  we  may  be  led  to  confound  in 
description,  rocks  so  widely  different  in  geolo- 
gical connexion  as  granite  and  the  members  of 
the  orerlying  (or  trap)  {kmily ;  because  their  dif- 
ferences in  mineral  composition  and  structure  are 
often  such  as  not  to  be  defined  by  words. 

in  concluding  these  general  objections,  it 
may  therefore  be  remarked,  that  to  attempt  a 
perfect  classification  of  rocks,  in  the  present  state 
of  our  knowledge,  appears  an  useless  as  well  as 
an  injurious  sacrifice  to  a  logical  order,  to  which, 
as  ftr  as  we  can  yet  perceive,  nature  refuses 
toconfbrm.  Mineralogists  appear,  in  this  in- 
stance, to  have  been  mbled  by  &e  example  of 
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Linnaaus,  and  by  the  valuable  consequences  rer 
suiting  from  his  system  in  the  organized  depart- 
ments of  natural  history ;  forgetful  of  the  im- 
portant and  radical  differences  by  which  these 
departments  are  distinguished  from  that  which  is 
the  object  of  their  particular  study. 

Were  it  possible  to  make  any  analogous  ar- 
rangement, however  purely  artificial,  which 
should  facilitate  that  study  for  which  a  knowledge 
of  these  objects  is  chiefly  desirable,  an  impor- 
tant acquisition  would  be  made  to  geology,  as 
well  as  to  the  comparatively  trifling  pursuit  of 
the  collector  of  specimens.  But  if,  in  teaching 
us  to  arrange  a  cabinet,  it  helps  to  mislead  U9  re-^ 
specting  the  order  of  nature,  such  a  classification 
tends  only  to  introduce  confusion  under  the  se- 
ducing aspect  of  r^ularity. 

Finally,  aft  it  has  been  stated  among  the  s4- 
vantages  of  a  mineralogical  method,  that  ^^  it 
limits  the  same  term  to  the  same  compound^^^ 
and  "  would  thus  provide  a  name  for  eveiy  rock," 
it  is  necessary  here  to  bestow  a  few  words.on  the 
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subject  of  a  nomenclature  although  tiiat  ques- 
tion is  more  fully  examined  in  its  proper  place  at 
the  end  of  this  inquiry. 

If  it  be  admitted  that  such  an  arrangement 
could  even  be  perfected,  and  that  a  complete  se« 
ries  of  rocks  could  be  formed,  classed  according 
to  their  natural  affinities  of  structure  and  compo* 
sition,  or  classed  under  a  convenient  artificial 
system  on  such  a  basis,  it  is  plain  that  it  would 
require  a  numerous,  as  well  as  an  appropriate  set 
of  terms,  which,  as  far  as  it  has  been  executed, 
it  actually  does. 

As  also  there  is  no  necessary  or  constant  re- 
lation between  one  species  of  composition  in 
rocks,  and  their  affinities  or  positions  in  the 
<Mrder  of  nature,  while  many  varieties  of  compo- 
sition also  occur  in  the  same  mass  of  rode,  it 
would  frequently  happen  that  many  terms  would 
be  required  in  describing  one  fact  or  one  set  of 
geological  connexions,  and  that  such  connexions 
would  often  appear  to  be  implied  where  they  did 
not  exist,  in  consequence  of  the  similarity  of  the 
wames  by  which  rocks  corresponding  in  compo- 
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sitioQ  niu§t  be  designated*  It  k  mdy  to  compre* 
hend  th|it,  in  die  first  of  these  eV^ebts,  it  would 
be  impossible  io  describe  the  most  c«Hfnmpn  geo- 
logical  fact  without  a  tedious  repetition ;  and  that, 
ih  llie  latter,  there  would  be  generated  a  degree 
ef  confusion  in  ge*logioal  descriptions,  which 
would  be  produc^ivfe  of  the  ibimt  ifijurious  con-, 
sequienises. 

Thd  dnadyantagss  therefore  tfaatinay  be  in- 
dividually opposed  to  the  advanteges  already 
statM  to  arise  fix>m  a  miaeralogical  classifieatioA 
of  rocks,  are  the  following. 

It  is  uuBotural,  aa  fitr  as  relates  to  the  biost 
importaat  purpose  for  which  the  lowwfedge  of 
rooks  desenres  our  attention, 

fe  separating  the  simple  fnmi  the  oattapound 
tockhf  it  disjoins^  and  with  considerable  inomi* 
iFtnience^  tfafeit  which  nature  hbs  united;  tdiife^ 
in  toany  cases,  it  associates  others  which  are  e»* 
seatiaHy  separated  from  each  other  in  nature^. 

In  diescribing  a  rock  but  once,  and  indepen^ 
dently  of  its  dcflferent  connexions,  it  abandons  one 
of  the  most  importamt  circHmstances  in  the  faia 
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tory  of  the  substances  of  which  it  undertakes  to 
treat*  - . 

In^ittetnpling  an  accurate  limitation  of  terms^ 
it  mu0t  either  accompli^  that  object  imperfectly, 
and'thus  increase  the  conAnton  of  tibe  present 
nomenclature,  or  else  introduce  a  cumbrous  and 
unvirieldy  catalogue. 

Tbe  facility  of  inrestigation  professed  to  be 
acquired  by  such  an  arrangement,  is  limited  to 
the  mere  knowledge  of  the  specimen  in  the  stu- 
dent's hand :  it  afibrds  him  no  assistance  in  dis- 
criminating' the  accidental  from  the  essential, 
nor  in  iraeing  Ae  rock  and  its  connections  from 
a  knowledge  of  the  specimen. 

if  it  involTes  no  hypothesis,  it  also  reject*  dl 
those  kno^m  geological  relations  wMcb  have 
been  rescued  from  tins  censure. 

To  .which  disadfaotages  it  mi^ako  be  added, 
tknt  it  makm  all  rodcs  of  oqmd  importance,  how-' 
eMT  are  or  however  accidental  they  may  be. 

That  it  multiplies  trifling  and  unimportant 
diatincliom^ 

Thai  it.mdersgeologioal^kscription,  either 
c  2 
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impracticable  or,  at  die  best,  circuitous  and 
bose ;  and  therefore  becmnes,  as  fiur  as  this  ob- 
ject is  concerned,  either  osdess  or  noxioos. 

And  that,  from  the  onat^ndable  influence 
which  terms  exert  both  oyer  oar  reasonings  and 
obsenraticms,  it  tends  to  mislead  the  student ;  ren- 
dering those  things  affinities  in  the  hMtory  of 
nature,  which  are  little  else  than  affinities  in 
words. 


It  is  now  necessary  to  examine  in  a  mwe 
concentrated  point  of  view  the  sereral  deflects 
and  adranta^^es  which  attend  a  geological  me» 
thod  of  classification.  A  few  of  these  remarks 
have  been  unavoidably  anticipated ;  as  it  was  im- 
possible to  state  the  question  of  a  mineralogical 
arrangement  in  a  manner  sufficiently  dear,  with- 
out occasionally  adverting,  for  the  purposes  of 
contrast  or  illustration,  to  the  nature  of  a  geolo- 
gical one. 

In  this  statement  no  improper  bias  will  be 
found  towards  tbst  method  in  favour  of  which 
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work  has  been  drawn  up.  It  will,  on  the  coa^ 
traiy,  be  seen  Aat  the  defects  are  displayed  in 
-great  detail,  wUle  ^  adrBtntages  are  presented 
IB  a  very  condensed  form.  To  palliate  that  which 
tf  fiuihy,  'or  to  conceal  that  which  is  defective,  is 
to  depriTe  ^urselres  of  die  chance  of  amend- 
ment 

The  following  enumeration  comprises  the 
principal  ad?antages  to  be  obtained  by  a  geolo- 
gical classification. 

It  is  founded  on  the  most  extensire  and  im- 
portant affinities  of  the  objects  to  be  arranged, 
and  thus  resembles  in  its  principles  the  clas- 
sification of  plants  according  to  their  natural 
orders. 

While  it  teaches,  as  for  as  is  admissible  in 
such  a  woik,  the  histcMry  of  rocks  as  constituents 
of  the  earth,  it  combines  with  that,  all  that  ap^ 
pears  important  of  thdr  history  as  mineral  com- 
pounds: nor  does  it  exclude  the  most  minute 
sabdiTision  of  yarieties,  which  it  also  separates 
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from  the  fohndr  so  to  to  give  them  their  due 
value. 

It  affords,  npod  the  whole^  equal  facUiiy  for 
reference  as  a  mineralogical  anraugemeilt ;  ad- 
ding^  molreover,  to  tfie  discriminating  character 
of  rocks,  the  history  of  their  order  in  nature. 
Thus  it  frequently  may  remove  doubts  respecting 
the  nature  of  a  rock,  in  those  cases  of  frequent 
occurrence  where  words  are  insufficient  to  render 
intelligible  the  difibrences  in  aspect  add  compo- 
sition that  may  exirt  between  two  compoulids* 

Although  the  mode  of  arranging  a  cabinet  on 
this  System  is  different,  it  is  neither  less  easy  nor 
Ibw  convenient  than  oiie  derived  from  diameters 
merely  tnineralogical  • 

The  imperfections  of  such  a  system  are  how- 
ever very  considerable;  and  it  is  only  by  torn- 
paring  these  with  the  advaatages,  that  we  ^saA  be 
guided  in  our  choioew 

The  following  objeetiotis  have  been  made 
against  it  by  theauthctfs  whfn  are  bdvoqa^  for  a 
minerakigioal  aBrrat^^ment ;   but  most  of  iMk 
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odmit  of  a  satisfactory  replj.  $c»iepftbf«iiha¥e 
indeed  been  already  anticipated  m  ^  pmq#ui|r 
o|i6ervatioiiB« 

It  18  said  that  the  mpii^^  and  DponpouBd  ipckiii 
nre  thus  unilied  in  o»e  class,  and  that,  as  th^  f»r^ 
mer  have  ah-eady  b^ep  described  in  the  systems 
ofmioeralogy,  wy  further  descriptioii  is  super- 
fluous. 

To  this  it  may  be  aoswersd,  as  it  was  ah'eady 
remfu'ked,  that  this  very  assoctatioa  is  conve- 
niei^;  since  th^  genaral  relatioiis  of  the  simple 
nud  4^iBpQiMd  rof^s  Aro  the  sraie,  and  siace 
tiftqr  pais  into  each  other  by  iinperceptible  grat 
dations.  Nor  cau  it  be  cppsidered  any  ioconve* 
nience  to  describe  a  simple  rock  twice,  if,  indeed 
it  were  esteemed  proper  tbi^  it  ihould  be  enume- 
jnated  in  a  treatise  on  miberalogy :  it  is  e?en  ne- 
cessary to  describe  these  simple  substances  in 
^yery  catalogue  of  rocks ;  since  that  study  does 
AOt  ^HHspHse  all  the  circumstances  ^\ndk  app^v 
4ain  to  their  gealogica]  history. 

It  is  a^n  ol^eded,  thati  accordisg  to  a  geo- 
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logical  classificatiaii,  the  same  rock,  or  mineral 
omipomid,  must  be  described  twice  if  it  occm« 
imder  two  distinct  general  diTisi<ms ;  wbich,  in 
some  instances,  it  is  known  to  do.  This  incon- 
Tenience  is  trifling ;  CTen  were  it  necessary  to 
describe  a  second  time  that  to  which  the  student 
mi^  as  easily  be  referred  in  its  first  situation. 

But  this  apparent  inconvenience  is,  in  fact,  an 
advantage.  It  is  an  important  part  of  the  geok>- 
gical  history  of  a  rock,  to  note  that  it  is  repeated 
under  a  diffierent  association  :  it  is  most  essantial 
for  the  student  to  know,  that  many  of  the  com* 
pounds  which  form  granite,  for  examjde,  are  not 
necessarily  inferior  to  the  primary  strata,  but  may 
occur  even  above  the  secondary. 

It  is  objected  fiirtiier,  that  the  system  of  a 
geological  arrangement  is  hypothetical  and  diffi*- 
cult  of  application. 

It  may  be  retorted  on  tiiift  ground,  to  the  ri- 
val system,  that  it  is  not  hypothetical,  only  be- 
cause it  includes  the  much  greater  defect  of  en- 
tirely n^ectiug  the  natural  affinities  of  rocks ; 
and  that  it  is  not  merely  difficult  of  application, 
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but  abtolately  inapplicable  to  the  pnrposea  of 
sct^Dce.  A  ge^rfogical  system  is,  in  truth,  hypo* 
fbetieal,  only  in  as  fiu*  as  it  is  incomplete :  such 
a  system  .points  out  its  own  defects ;  and  every 
addition  of  knowledge,  either  demolishes  an  hy«» 
pothesis,  or  converts  it  into  a  Intimate  theory. 

The  last  objec^on  of  any  apparent  weight 
which  has  been  offered  against  a  geological  clas-t 
sification  is,  that  different  mineral  compounds, 
or  rodu,  are  numerated  under  one  name,  and 
that  the  same  rode  is  also  sometimes  described 
by  two  names. 

This  objection  is  merely  a  modification  of  the 
second ;  and  it  involves  the.  very  difficult  question 
of  a  nomenclature  ;  a  difficulty  from  which  the 
mineralogical  method  of  arrangement  is  not  ex- 
empt. That  part  of  the  subject  will  be  examined 
at  more  lei^h  immediately :  it  is  first  necessary 
to  state  other  objections  which  have  heea  over* 
looked  by  die  authors  who  have  a^paged  in  this 
discussion ;  as  it  is  denrable  that  all  the  imper- 
feetions  of  each  syst^n  should  be  slated  with 
oqual  fidmeai. 
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A  true  and  correct  geokgicd  amngeBie&t  jt, 
in  fact,  at  prcaeot  iinittii«iMe ;  as  we  we  not  yet 
perfiBcdy  acipiaiDted  with  the  oidcr  aod  rdatiom 
of  radu  in  nature.  Whalerer  BMdificaiion  of  it 
is  wAapted^  moat  therefore  be  €onfe»edly  imper- 
fect. Bat  it  ia  not  kas  the  foondation  for  a  per- 
fect one.  It  offers  a  basis  always  susceptible  of 
correction  and  gradoally  increasing  in  correct, 
neas ;  erery  iuyestigalion  of  the  characters  of  a 
rod^  necessarily  adding  something  to  the  mass  of 
knowledge  on  which  it  is  fownkd.  By  its  very 
imparfections  it  afibrds  a  stimolns  to  obsenras ; 
pot  to  rival  each  other  in  distingaishing  the  mi-* 
ttole  differences  of  specimens  only,  bnt  in  extend- 
ing the  boonds  of  geological  science. 

In  addition  to  the  imperfediofiB  above  stated) 
itmnrt  also  be  admitted  that  it  is  logically  imper* 
feet,  that  it  is  not  founded  on  one  simple  and  con.- 
sistent  principle.  This  is  a  defect,  if  it  be  really 
eansidered  as  an  important  one^wbieh  is  probably 
irremediable.  The  larger  divisions  are,  aoeord*- 
ing  to  the  jMrinciple  adopted,  drawn  from  the 
order  and  general  relations  to  the  stmctwe  Of  tjbe 
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eartb  niuch  rocks  hold  ia  nature.  The  aiiiaUer, 
are  necessarily  deriyed  from  mineralogical  cha- 
racters ;  and  aa  these  are  subject  to  the  former  in 
the  system  of  arrangement,  an  obvious  species  of 
irr^ularity  must  follow ;  as  the  same  compound 
may  be  found  under  more  than  one  of  the  larger 
divisions*  But  this  is  a  question  that  ought  to  be 
tried  by  the  principle  of  utility. 

In  the  other  departments  of  nature,  a  rigid  ad- 
herence to  the  logic  of  the  adopted  system  is  eafl^ ; 
because  the  objects  Are  definite,  oonstant»  and 
connected  by  invariable  and  simfde  relations  to 
each  other :  it  is  equally  useful,  as  it  facilitates 
that  investigation  which  is  the  object  of  eveiy  ar- 
raofemisnt.  It  is,  or  ought  to  be,  adopted^  not 
because  it  is  consistent,  but  bemuse  it  is  useful ; 
aad  it  is  mistaking  the  means  lior  Ibe  end,  to  trans- 
fer to  the  present  class  of  objector  Ikase  rules  to 
whiftbt  A^m  their  very  Datiire»  diey  are*  not  ame- 
nable. 1  o  sacrifice  thus  to  Ae  forms  <^  an  ar- 
nttgement,  is  to  be  anxious  about  words  and  U9f^ 
ligent  of  things ;  it  i?  to  recur  to  that  philosophy 
of  the  antient  contemfdatiste  winch  Ike  hbours  of 
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modem  expenmentalistB  h^ye   long  since  ex^ 
ploded. 

A  geological  airangement of  rockB  is  in  facta 
history  of  their  natural  affinities :  it  is  a  branch  of 
geological  science ;  and,  to  this  main  object,  all 
minor  considerations  ought  to  be  rendered  sub- 
senrient,  even  at  the  risk  of  some  trifling  incon- 
sistencies of  order.  That  order  which  is  the  most 
useful  ought  first  to  be  selected  :  if  it  were  possi- 
ble to  add  to  utility,  an  unexceptionable  regula- 
rity, such  a  system  would  be  perfect :  but  a  pre- 
cision which  serves  no  purpose,  is  a  shadow  de- 
ceiving with  the  appearance  of  a  substance. 

In  examining  the  conditions  requisite  for  a 
perfect  geological  arrangements  it  will  be  more 
easy  to  judge  of  the  value  and  amount  of  the  pre- 
sent defects,  and  to  conjecture  what  chance  there 
is  of  future  improvement. 

The  order  of  arrangement  of  every  rock  in  na- 
ture ought  to  be  known :  to  ensure  facility,  as 
well  as  parfection,  it  ought  indeed  to  be  con- 
stant 

Every  rock  ought  to  be  definite  and  invaria- 
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Me  ;  constaat  in  ite  mineral  characters,  as  in  its 
position. 

Every  principal  division,  or  q>ecies,  shoidd 
appropriate  to  itself  a  distinct  set  of  subdivisions* 

As  yet,  however,  no  prevailing  general  ar» 
rangement  among  rocks  has  been  ascertained, 
although  it  has  been  imagined  to  exist :  and  it  is 
indeed  now  certain,  that  no  order  can  be  assumed 
which  is  not  subject  to  numerous  exceptions.  In 
die  same  way,  it  is  demonstrated  that  the  order  of 
succesrion  is  inconstant  in  all  the  minor  details^ 
and  moreover,  subject  to  frequent  variations. 

So  far  also  from  being  definite  and  invariable 
in  their  mineral  characters,  rocks  are  subject  to 
frequent  changes,  both  of  structure  and  of  compo- 
sition ;  passing,  in  many  cases,  into  each  other 
by  imperceptible  traoutions.  This  objection, 
however,  operates  equally  against  a  mineralogical 
arrangement. 

Lastly,  rocks  resembling  each  other  in  com* 
position,  are  found  under  divisions  often  hr  re- 
mote in  geological  character  and  position. 

These  are,  unquertiottablyt  serious  defects; 
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but  altiiough  they  detract  from  the  regularity  atid 
perfection  of  a  geological  arrangement,  they  do 
not  destroy  its  utility.  With  some  sacrifice  to 
order,  and  with  some  rq^etttion,  many  of  them 
may  be  so  remedied  as  to  leaye  the  classification 
equally  applicable  to  practice ;  an  advantage  well 
purchased  by  such  trivial  inconveniences. 

In  discussing  tiiose  Objections  to  a  miheralo- 
gical  system  of  arrangement,  which  relate  to  the 
nomenclature  of  rocks,  a  few  remarks  on  the  na- 
ture of  such  a  nomenclature  became  unavoidaMe* 
But  it  is  necessary  to  examine  this  important 
branch  oif  the  subject  in  greater  detail ;  as  the 
defects  of  a  geok^cal  arrangement  will  be  found 
to  depend,  in  a  very  great  degree,  on  the  imper- 
fections and  deficiencies  of  the  existing  and  very 
limited  catsAogue  of  terms  by  which  rocks  are  de- 
signated. 

if  the  only  object  of  a  nomendatare  werie  to 
distinguish  the  individuals  in  a  cabinet -of  upeci- 
mens,  it  is  true  ^ittA  they  oould  scarcely  becotiie 
very  inconvenient  except  from  their  numbers. 
Vet,  unless  an  anoovras  number  was  adopted,  it 
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would  be  iBpoMbk  to  nliitiiigoiBh  mil  those 
which,  as  ipecimeiis  of  raioeralogicd  composi^ 
tioa  and  atructvre,  would  require  distinctioD.  To 
be  consistent,  as  fcamerlj  remarked,  a  noiaen* 
datare  on  a  mineralc^cal  principle  must  neces** 
itrily  be  terge  as  wdl  as  appropriate. 

The  numerous  combinations,  and  tlie  endleas 
Tarietks  of  aspect  which  rocks  present,  render  it 
imposnble  to  ftpplj  distinct  names  to  all ;  nor 
is  it  easy  to  see,  on  this  system,  where  the  Ihie  is 
to  be  dmwn.  The  inutility  of  such  a  nomenda^ 
tare,  even  could  it  be  rendered  complete,  is  n^ 
cessarily  comprised  in  the  inUtilfty,  already  point* 
ed  out,  of  this  mode  of  classification. 

If  such  names  be  thus  contrited  acconiiag  to 
some  principle  either  of  structure  or  of  composi* 
ti<A>,  it  is  obvious  that  die  greatest  conf^ion  of  all 
the  natsffri  Malogies  of  mixed  rocks  must  ensue. 
In  this  case,  m  wdl  as  in  the  gecdegical  mediod, 
Ae  same  substances  would  recm*  more  than  once, 
whedier  the  principle  of  ttas  mtc^nHott  mine^ls, 
or  tiHisetsf  the  strcvrture,  were  vBoiAt  the  basis  of 
the  nomenclature ;  asthe  same  circumstances  and 
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the  dame  minerab  are  found  in  many  different 
rocks  in  many  yarieties  of  combination. 

These  remarks  have  already  been  sufficiently 
ilkistrated  in  the  former  part  of  this  chapter,  in 
treating  of  the  several  bases  that  may  be  assumed 
as  the  foundation  of  a  mineraiogical  airangement. 
The  question  of  a  nomenclature  necessarily  rests 
on  the  same  grounds.  Any  attempt  to  combine 
these  two  circumstances,  namely,  the  composition 
and  the  structure,  is  productive  of  still  greater 
confusion ;  nor  does  it  appear  possible  to  adopt 
Snj  natural  system  of  nomadclature  derived  from 
mineraiogical  principles. 

If  an  attempt  be  made,  on  the  other  hand,  to 
avoid  these  difficulties  by  the  adoption  of  un- 
meaning terms  for  all  the  varieties,  (or  rather 
species,  as  they  would  in  this  case  be  esteemed,) 
in  the  same  manner  as  has  been  done  with  regard 
to'  many  of  the  principal  rocks,  a  nomenclature 
would,  in  becoming  Arbitrary,  become  useless  for 
its  professed  purpose  of  displaying  the  mineralo^ 
gical  affinities  of  the  rocks  arranged  under  it. 
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A  burdensome  and  insufferable  jargon  would 
also  be  Ae  ineritable  consequence ;  nor  would 
the  vexatious,  and  too  often  repulsive  effects  pro- 
duced by  such  a  nomenclature  of  technical  terms, 
and  such  an  inharmonious  addition  to  ordinary 
language,  be  diminished,  even  by  the  most  suc- 
cessful modifications  of  the  classical  tongues, 
adapted  to  some  real  or  imaginary  properties  of 
the  substances  to  be  named.     No  one  who  has  a 
r^ard  for  the  purity  and  convenience  of  langui^, 
will  wish  to  see  extended,  where  it  can  be  dis- 
pensed with,  that  system  of  nomenclature  which 
has  been,  in  most  cases,  inevitably,  but,  in  too 
many,  wantonly,  introduced  into  systems  of  mi- 
neralogy. 

But  further,  as  the  object  of  a  nomenclature, 
like  that  of  an  arrangement,  is  to  facilitate  the 
study  and  description  of  the  general  relations  of 
rocks,  and  of  the  structure  of  the  earth,  a  compre- 
hensive or  minute  system  of  nomenclature  would 
be  injurious;  even  were  it  free  from  thatfeult, 
which  every  nomenclature  founded  on  mineralo- 
gical  principles  must  possess,  of  disjoining  sub- 
stances geologically  allied. 

In  geological  descriptions  there  is  an  impe- 
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nous  pecessity  for  general  terms ;  siuce,  as  numer- 
ous mineralogjcal  varieties  occur,  often  under 
every  mode  of  gradation,  yet  muder  one  geperal 
relation  to  the  surrounding  rocks,  the  want  of  these 
terms  would  rend^  such  descriptions  unintelli- 
gible. 

F4irther,  as  rocks  are  chiefly  studied,  so  are 
tjbejr  chiefly  to  be  named  for  the  purposes  of  geo- 
logy ;  and  the  plan  of  a  nomenclature  should 
therefore,  like  that  of  a  clasnfication,  be  made 
conducive  to  those  ends.  The  general  terms 
should  be  founded  on  the  geological  relations,  or 
should  at  least,  be  invariably  associated  with  them ; 
as  far  as  terms  are  wanted  for  varieties,  it  is  indif- 
ferent from  what  source  they  are  drawn,  provided 
they  do  not  interfere  with  the  main  object,  nor 
excite  improper  associations  respecting  the  true 
place  of  a  rock  in  the  order  of  nature. 

It  is  tUe  peifection  of  the  study,  as  of  the  de- 
scription of  natural  objects,  to  combine,  with  ac- 
curacy in  the  details,  comprehensive  general 
views.  To  be  anxious  oijily  about  tbe  former, 
takes  |>ff  the  attention  of  the  student  from  the  lat- 
ter ;  and,  in  attending  to  the  minutiae  of  an  ar- 
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nogoineDt  mod  a  nomendatere,  he  is  direrted 
fma  those  general  relations  which  are  of  a  more 
iflnportant  nature.  The  effect  is  even  worse ;  liiiGe 
he  is  tempted  to  imagine  wide  analogies  where 
minute  resemblance  alone  exist,  and  tlifB  learns 
to  regulate  the  stroctare  of  his  globe  by  the 
affinities  which  he^  finds  in  his  cabinet  of  spe- 
cimeos. 

To  render  a  geological  system  of  arrange- 
ment complete,  its  adfocaCeS  should  be  allowed 
the  privilege  which  has  been  claimed  by  those 
who  follow  the  opposite  method ;  namely,  that  of 
firaming  and  multi[4ying  terms  according  to  the 
wants  of  their  system.  There  should,  in  fact,  be 
no  existing  nomenclature,  but  a  new  one  should 
be  formed  and  adapted  to  this  purpose. 

The  existing  nomenclature  does,  in  reality, 
prdduce  many  of  the  defects  which  appear,  on  a 
superficial  view,  to  be  the  rssult  of  the  an^tnge^ 
ment.  It  has  arisen  gradually,  in  a  period  of  ig- 
norance, and  during  the  increase  of  knowledge. 
Rocks  have  been  named  from  their  structure, 
from  their  eompositiiHi,  and  firom  their  geological 

D  2 


Digitized  by 


Google 


36 

relations.    They  faaye  also  been  denoted  by  locaF 
or  antient  terms  which  refer  to  nodiing  in  their 
cfaaracterB.    It  is  impossible  to  adopt  all  these 
names  and  to  preserve  consistency :  it  is  equally 
impossible  to  make  a  partial  selection,  or  to  in* 
trodace  material  alterations,  without  the  greatest 
inconrenience  and  confusion ;  and,  in  the  present 
imperfect  state  of  the  science,  it  woi^ld  be  unjus- 
tifiable to  attempt  an  entire  reform  in  the  nomen- 
clature, could  we  even  hope  to  supo^sede  the  use 
id  names  so  long  popular,  and  so  long  associated 
with  all  our  ideas.    It  is  better  to  submit  to  some 
inconvemences,  and  to  akiure  some  repetition  or 
circumlocution,  than  to   hazard  the  confusion 
which  is  the  invariable  result  of  the  frequent 
changes  and  the  ambiguous  use  of  terms.     Even 
die  attempts  made  by  the  advocates  of  the  mi- 
neralogical  classification,  to  introduce  new  names, 
h^re  been    ineffectual;    nor,    without  changes 
equally  numerous  and  important,  would  it  be 
possible  to  render  that  system^  any  more  than  the 
other,  perfect,  or  even  intelligible. 

The  chief  inconvenience  in  the  iM*esent  no- 
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menclatnre  of  rocks,  arises  (rom  the  adoption  of 
a  double  principle,  namely  that  of  the  geological 
relations,  and  that  of  the  roineralogical  nature : 
and  that  inconvenience  is  increased  in  the  works 
of  many  authors,  even  of  the  highest  reputation, 
by  capriciously  admitting  one  of  these  principles 
in  some  instances,  and  rejecting  it  in  other  and 
»milar  cases.  Thus  the  same  rock  is  cdled  slate 
trkty  in  one  position,  -and  clay  slate  in  another ; 
while,  in  another  case,  the  term  greenstone  is 
applied  to  two  or  more  rocks,  in  the  same  mahner 
identical  in  mineral  composition,  but  differing  in 
the  important  circumstances  of  being  either  stra- 
tified or  unstratified,  and  of  occurring  either  be- 
low the  most  antient,  or  above  the  most  recent 
rocks.  Whatever  system  be  adopted,  it  is  most 
necessary  that  consistency  should  be  preserved. 
Else  it  is  obvious,  that  this  practice  may  be  made 
to  serve  the  purpose  of  any  hypothesis;  determin- 
ing, or  not,  the  position  of  a  rock  firom  its  nature, 
just  as  it  may  suit  the  views  of  the  geologist,  and 
thus  producing  the  grievous  error  of  reasoning  in 
a  circle. 

In  the  present  ntsdto  of  things  there  is  no  re- 
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medy  for  the  ^b  arisfog  oot  of  tbis  aBibiguit)^ 
but  t6  accompaDy  tibe  geological  arraogement  bj 
geological  exfrfanatioiis ;  and  thus  the  natural 
history  of  a  rock  becomea  aa  esfiential  part  of  th^ 
qwtem  of  clanificatioD. 

For  this  reason  it  would  have  been  desirable 
to  hare  added  to  e%ch  fiaimily  of  rocks,  a  full  his- 
tory of  its  geological  relations.  Thus,  indeed  the 
present  work  was  at  first  drawn  up.  It  became 
howererbiit  too  obvious,  when  completed,  that 
it  had  assumed  the  appearance  of  a  system  of  geo- 
logy, deficient  in  many  important  particulars 
which  it  was  impossible  to  combine  with  the  ob- 
ject first  in  view,  and  the  presence  of  which  could 
not  be  dispensed  with  in  such  a  system.  It  seemed 
prderable  therefore  to  abandon  this  plan,  and  to 
reserve  for  the  contingent  event  of  a  future  work, 
that  which  could  not  with  propriety  be  introduced 
info  the  present.  In  tnith,  as  the  study  of  rocks 
is  essential  to  that  of  geology,  so  is  the  k^r  study 
in  a  oalain  d^^ree  necessary  to  the  former*.  Net* 
ther  can  well  be  understood  without  the  other ; 
and  that  an  Impossible  otyect  has  pot  been  at- 
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tained,  is  a  defect  that  will  claim  the  indulgance 
which  it  need  not  solicit 

In  a  strict  sense  therefore,  the  present  ar- 
rangement must  rather  be  considered  as  an  at- 
tempt to  produce  a  brief  and  useful  description, 
than  an  accurate  and  logical  classification  of  rocks. 
Full  of  imperfections  as  it  confessedly  is  in  this 
sense,  it  must  be  tried  by  the  test  of  utility ;  and 
it  will  meet  with  indulgence  if,  in  its  application 
to  practice,  it  afibrds  any  counterpoise  to  the  nu- 
merous defects  already  stated ;  of  which,  some  are 
inseparably  connected  with  the  general  ignorance 
of  thfese  matters  that  yet  prevails,  others  with  that 
of  the  author ;  but  of  which  the  far  greater  por- 
tion seetns  to  be  necessarily  inherent  in  the  subject 
itself. 
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CHAP.  II. 

ON  THE  MEANING  IN  WHICH  THE  TERM  ROCK  IS 
HERE  USED,  AND  ON  THE  GENERAL  PLAN  OF 
THE  PRESENT  ARRANGEMENT;  WITH  RE* 
MARKS  ON  THE  NOMENCLATURE  ADOPTED. 

jThe  compilers  of  systems  have  been  divided  re* 
^>ecting  the  substances  to  whfch  the  tide  of  rock 
should  be  applied.  By  some,  even  metallic  ores 
have  been  included  in  this  term ;  by  others,  the 
simple  rocks  have  been  excluded,  as  belonging 
to  a  system  of  mineralogy.  It  is  unnecessary  to 
enter  critically  into  an  examination  of  these,  or  of 
other  differences  of  opinion  that  have  prevailed ; 
nor  is  it  easy  to  frame  any  definition  of  a  rock 
which  is  not  open  to  objection.  As  the  object  of 
the  arrangement  is  utility,  not  logical  refinement, 
it  is  equally  unnecessary  to  attempt  such  a  defi- 
nition.   There  is  an  evident  impropriety  in  ad- 
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mittiag  the  metallic  ores  to  a  place  among  rocks, 
as  they  appertain  to  a  classification  of  minerals ; 
and  there  are  still  greater  objections  to  excluding 
the  simple  rocks,  on  account  of  their  pa^petoal 
transition  into  the  compound,  and  the  incurable 
confusion  which  their  absence  would  produce  in 
the  arrangement. 

The  popular  sense  of  the  term  rock  is  well 
understood,  and  it  is  here  adopted  in  that  sense ; 
comprising  all  the  mineral  earthy  compounds, 
whether  simple  or  mixed,  that  form  conspicuous 
masses  in  nature,  and  enter  into  that  which  may 
be  considered  the  structure  of  the  earth.  Rock 
salt  Jbas  not  been  included ;  but  there  is  added  an 
appendix  consisting  of  substances  to  which  the 
term  rock  cannot  be  applied,  but  which  have  ge- 
nerally been  described  by  writers  on  this  subject. 
It  is  convenient  to  notice  these,  because  they  do 
not  enter  into  a  system  of  mineral<^,  and  are 
not  sufficiently  numerous  to  admit  of  a  separate 
treatise ;  while,  they  form  an  important  part  of 
the  structure  of  the  earth. 
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As  a  geologicaL  system  has  been  adopted  in 
this  arrangement  of  rocks,  the  principles  are 
therefbre  similar  to  those  of  the  foUoweris  of  Wer^ 
tter.  But  neither  the  order  of  the  arrangement, 
nor  the  number  of  the  substances  is  the  same  as 
those  which  are  to  be  found  in  the  works  of  these 
authors.  The  experience  of  the  writer  has  una** 
Toidably  led  to  modifications,  often  of  a  very  im- 
portant kind.  Of  the  nature  and  trutfi  of  the 
fecte  on  which  those  views  are  founded,  the  eri- 
dtnce  is,  for  the  most  part,  contained  at  length, 
in  his  papers  in  the  transactions  of  die  Geological 
Society,  and  in  his  description  of  die  Western 
Islands  of  Scotland.  Ilie  extent  and  minutenesd 
of  this  various  matter,  prevented  its  introductioii 
fa^re ;  but  it  is  hoped  that  die  facts  in  question 
will  ncrt  be  found  at  variance  with  the  future  ob* 
serv^ons  of  geologists  in  other  countries,  how- 
ever they  may  diflfer  in  many  reqiects  from  odiers, 
often  of  more  antient  date,  which,  from  various 
cteises,  have  commanded  greater  respect  than  t|iey 
will  probably  be  found  to  deserve. 

Of  the  convenience  or  utility  arising  from 
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theie  ah^»tmis,  be  mutt  nttdt  be  •  prejudiced 
and  incompetent  judge:  they  are  neceanurily  kft 
tQ  Ibe  experience  of  others,  who  will  not  ftti  to 
improTe  that  which  is  imperfect,  and  to  reject 
that  which  is  incorrect. 

The  reasons  for  the  atteratioos  that  hate  beea 
OHidet  are  staled,  wberewtr  it  appeared  necessaryi 
in  the  different  remariis  which  accompany  the 
work.  Thus  the  student  will  be  better  enabled 
to  judge  of  their  propriety ;  and  to  distinguish 
that  which  has  reoetved  tbe  writer's  consideratiiMH 
from  chaaigeB  founded  merely  on  caprice  or  the 
k^reofnoTelty:. 

The  classification  is  simple ;  all  rocks  being 
refimied  to  a  |N*imary  and  a  secondary  class,  and 
a  smaller  diTision  being  formed  of  those  which 
aae  fouod  in  both.  The  substances  which  cannot 
be  referred  to  the  latter  class,  from  their  nftore  re^ 
cent  origin^areconsidered  Aqiarately  in  an  appen^ 
da ;  and  a  similar  expedioit  is  adopted  for  tbe 
Tokaaic  racki.  Hie  reasons  for  this  method  of 
dirisioii  are  gitcn  at  more  laigtb  in  an  appro^ 
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priate  place,  where  the  principles  of  the  classifi- 
cation are  examined. 

Each  class  is  subdivided  into  certain  geolo- 
gical divisions,  or  families  of  rodks,  of  greater  or 
less  magnitude ;  and  these  are,  chiefiy,  such  as 
have  long  been  received  among  geolc^ists.  The 
alterations  and  additions  that  have  been  made, 
are  such  as  appeared  either  convenient  or  neces- 
sary ;  but,  whatever  they  may  be,  the  reasons  for 
which  they  were  made  are  stated,  and  they  are  all 
conformable  to  the  general  principles  which  per- 
vade the  analogous  systems  that  have  already  ap- 
peared in  the  writings  of  those  wholiave  proceeded 
on  a  similar  plan. 

The  nature  of  these  subdivisions  is  such  that 
they  can  neither  be  considered  as  genera  nor 
species ;  terms  which,  in  reality,  are  much  mis- 
applied to  the  mineral  departments  of  nature ;  as, 
from  their  long  application  to  objects  admitting 
of  accurate  definition,  they  imply  a  d^ree  of  pre- 
cision which  cannot  be  found  among  these  inor- 
ganic substances.  Neither  can  the  term  hmily 
be  always  correctly  applied  to  these  subdivisions ; 
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as  some  of  them  contain  no  subordinate  members, 
while  others  comprise  an  extensive  range  of  sub* 
stances,  often  very  discordant,  united  by  one  dis- 
tinct geological  bond. 

It  is  in  these  subdivisions,  or  families,  if  the 
term  may  be  admitted,  that  the  defects  of  the' 
geolc^cal  method  of  arrangement  appear  most 
striking.  They  may  hereafter  perhaps  be  dimi- 
nished ;  but  they  cannot  be  wholly  removed,  as 
they  belong  to  the  very  essence  of  the  arrange- 
meaU  Nature  has,  in  one  place,  given  us,  p^- 
haps,  twenty  rocks,  united  by  a  common  bond 
of  mutual  transition,  and  bearing  one  general  re- 
lation to  the  surrounding  substances ;  in  another 
jdace,  we  find  only  one  rock,  or  perhaps  two,  in- 
dependent of  all  the  others,  but  still  bearing  to 
them,  in  a  similar  manner,  one  general  and  fixed 
relation. 

It  is  obvious  that,  under  such  circumstances, 
no  family,  or  no  rock  which  contains  more  than 
one  member,  or  variety,  can  admit  of  that  which 
is  properly  called  a  definition.  A  notion  more 
or  less  distinct  may  sometimes  be  conveyed,  by  a 
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description  of  fome  of  tbe  clmraeteni ;  but  aa  at- 
tempt at  definition  muat  be  reserved  for  the  va- 
rieties, and,  even  in  these,  it  sometimes  becomes 
a  description  rather  than  a  definition. 

Under  each  subdiviaieh  are  placed  those  rocks 
iKbicli  belong  to  it,  or  whiqh,  collectively  taken, 
fimn  tbe  iamily ;  the  individuals  all  bearing  the 
same  geological  relation  to  the  general  order,  or 
to  the  structure  of  the  earth.  To  facilitate  the 
mvestigotion  of  these,  th^  are  arranged,  when 
niunerous,  according  to  certain  obvious  peculi- 
arities of  composition  or  atmcture ;  by  means  of 
which  the  family  is  subdivided  into  portions,  each 
deaignated  by  one  particular  character.  In  this 
part  af  the  arrangement  also,  the  same  want  of  lo- 
gical precision  occurs ;  and,  if  the  classification  of 
the  organized  departments  of  nature  is  to  be  made 
the  test  of  what  is  right,  it  must  necesssurily  ap- 
pear defective.  In  sodm  cases,  the  characters  of 
these  rodoi  are  of  such  a  nature,  that  they  might 
be  considered'  as  species ;  in  others,  they  present 
sUgfat,  and,  sometimes,  very  transient  variations. 
But  distinctions  of  this  nature  are,  in  fltct,  inap- 
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plicaUe.  If  they  are  mfide  im  IQIM  cuMi,  where 
they  really  can  be  made  with  great  eaae  an4  pr^ 
cisioD,  that,  in  some  other  place,  ia  found  ittpo»- 
aible ;  and  nothing  is  gained  by  adopting  an  order 
in  one  part  which  cannot  he  extended  to  the 
whole.  Whoever  may  make  the  attempt  will  eoon 
be  convinced  that  he  haa  undertyikea  an  impmc* 
ticable  task ;  and  that  he  cannot  even  apprwch 
the  accomplishment  of  his  wishes,  without  sacri- 
ficing utUity  and  convenience  to  an  imaginary 
r^larity. 

Every  rock  which  is  defcribed,  is  therefore 
considered  a  variety,  no  other  term  being  equally 
unexceptionable ;  and  as  it  must  be  considered  a 
varie^,  in  a  geological  sense  only,  it  cannot  well 
mislead  a  reader*  The  most  important  of  these 
are  generally  placed  first  in  that  division  in  which 
they  may  occur  ;  or,  whea  necessary)  additional 
remarks  are  subjoini^,  by  which  the  student  may 
judge  of  the  compan^tiye  importance  of  the  difie- 
rent  varieties.  Th^t,  porhapfs^  is.  of  litde  mo- 
ment As  the  object  of  th?  arrangemimt  is  ffesr 
logical,  he  will  not  be  long  in  discovering  the  re- 
lative value  and  constancy  of  the  roabi  which  he 
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may  find :  this  forms  almost  an  inevitable  part 
of  his  acquisitions  in  procuring  the  specimen 
which  he  is  aftelrwards  to  examine.  To  those 
whose  only  object  is  to  form  or  arrange  a  cabinet, 
all  varieties  have  the  same  value,  if  their  mineral 
characters  are  suflScientiy  remarkable.  Their  geo-- 
logical  importance  is  here  no  object. 

The  definition  of  each  variety  is,  for  the  most 
part,  a  description  of  its  composition;  and,^ 
where  necessary,  of  its  structure  also.  Other  de- 
tails are  occasionally  added,  for  the  purpose  of 
preventing  doubts,  or  fkcilitating  the  knowledge 
of  the  varieties  under  each  family;  utility  and 
certainty  being  the  objects  in  view. 

Thevkrieties  which  are  here  described,  in-- 
elude  all  those  which  appear  sufficientiy  constant 
to  merit  b  description  ;  and  they  are  further  no- 
ticed in  those  states  where,  by  gradually  losing 
their  distinctive  characters,  they  pass  into  some 
other  rock.  As,  in  many  cases,  similar  rocks 
occur  under  different  families,  they  are,  for  the 
most  part,  noticed  under  each;  an  expedient 
which,  however  irr^ular,  from  the  repetition 
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which  it  implies,  renders  the  investigatioa  more 
easy  to  the  student.  It  is  also  justified  by  the 
practice  of  botanists,  in  pointing  out,  under  the 
genera  to  which  they  rigidly  belong  in  one  sense, 
those  species  which,  from  other  characters,  it  is 
expedient  to  place  under  a  different  genus. 

It  is  probable  that  many  rocks  are  omitted, 
but  the  arrangement  admits  of  perpetual  correc* 
tion.  It  was  only  in  my  power  to  describe  apcu* 
rately  those  to  which  I  have  had  access ;  and  they 
are  chiefly  therefore  from  Britain,  as  complete 
colleetions  of  rocks  hare  not  as  yet  been  formed 
by  geologists,  and  few  foreign  specimens  are  to 
be  found  in  the  cabinets  of  mineralc^sts  in  this 
country.  It  is  probable,  however,  that  the  enu- 
meration contains  the  &r  predominant  number  of 
rocks  known ;  as  the  same  substances  have  been 
found  to  occur  all  over  the  world.  No  imaginary 
varieties  are  given ;  a  practice  in  which  it  would 
be  very  easy  to  indulge,  as  other  authors  have 
done.  Such  varieties  may  readily  be  conceived 
and  multiplied ;  but  to  adopt  them  is  to  abandon 
the  study  of  nature. 
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It  in  prednmed  that  every  one  who  attempts  to 
become  aoqiMdntecT  with  rockd,  has  acquired  a 
OMUpetent  knowledge  of  mineralogy :  nor  is  it 
posiifole  to  make  any  real  progress  in  this  latter 
stiniy,  without  learning  the  general  characters  at 
least,  of  the  principal  rodu,  as  well  as  minerals. 
The  knowledge  of  rocks,  however,  whatever  may 
be  imagined^  is  seldom  communicated  by  mere 
d«cription,  without  the  aid  of  some  demonstra- 
tion. Even  minerologifts  are  perhaps  not  always 
am^e  how  much  of  their  own  peculiar  acquire- 
ments in  mineralogy  is  teditional.  It  is  probable 
therefore  that  the  student  will  unavoidably  open 
ef  ery  vrork  of  this  nature  with  a  previous  general 
knowledge  of  the  subject ;  which  will  render  less 
necessary  tiiat  accurate  definition  of  the  families 
of  rocks  which  the  nature  of  the  objects  renders 
it  impossible  to  give. 

In  terminating  these  introductory  remarks  on 
tiie  armngement^  it  is  necessary  to  add  some  ob*- 
servations  respecting  the  terms  by  which  the  rocks 
are  designated. 

The  existing  nomenclature  of  rocks  in  neither 
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founded,  as  already  remarked,  on  geological  nor 
mineralogical  principles,  but  is  an  unfortunate 
combination  of  both,  which  often  leads  to  con- 
fusion. If  a  thorough  reform  were  attempted,  it 
would  appear  preferable  to  construct  a  nomenclap 
ture  on  geological  principles ;  as  the  wide  and 
general  relations  of  rocks  are  the  chief  objects  in 
view  in  their  classification.  But  to  render  such 
a  system  perfect,  an  accurate  knowledge  of  these 
relations  is  required;  withotit  which  the  parts 
coaM  not  be  arranged ;  while,  on  the  other  hand, 
an  accurate  knowledge  of  the  parts  is  requisite 
for  the  arrangement  of  the  superstructure.  Under 
thin  double  difficulty  the  subject  at  present  la- 
bours, nor  is  there  any  inmiediate  prospect  of  re- 
moving it.  It  must  not  be  concealed,  at  the  same 
time,  that  thei*e  is  an  important  evil  which  would 
reralt  from  the  adoption  of  a  nomenclature 
fimnded  purely  on  geological  relations.  Through- 
out the  whole  system  of  nature  the  same  sub- 
stances  are  occasionally  repeated  in  situations  ge- 
crfogieally  far  asunder ;  a  fSsu^t,  of  which  limestone 
pfestots  a  conspicuous  example.  Such  a  nomen- 
cHitiit^  would  thus  dissociate  two  rocks  which 
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might  present  no  differences  of  character  ;  and^ 
perhaps,  sometimes  cause  us  to  lose  sight  of  aD 
important  circumstance  of  analogy  in  geological 
science.  ^ 

In  considering  the  numerous  substances  ar- 
ranged in  the  following  catalogues,  it  will  be  ap- 
parent that  there  is  a  considerable  deficiency  of 
terms  by  which  to  distinguish  them«  In  this  re- 
spect, the  history  of  rocks  has  not  kept  pace  with 
that  of  the  simple  minerals ;  in  which,  new  names 
have  been  adopted  as  iast  as  die  discovery  of  a 
new  species  or  variety  rendered  one  necessary : 
much  faster,  it  might  indeed  be  added.  This  dif- 
ference in  the  progress  of  the  two  catalogues  has 
perhaps  been  unavoidable.  The  names  of  rocks 
having  been  rather  of  popular  than  scientific  ori- 
gin, no  great  attention  was  paid  towards  the  dis- 
crimination of  the  substances  which  entered  into 
their  composition,  the  various  modes  in  which 
these  were  combined^  or  the  different  circum- 
stances of  structure  which  might  have  afforded 
justifiable  grounds  for  distinctions.  In  tbe  mean 
time,  the  science  of  geology  has  been  n^dly  ad- 
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vanciog ;  but  the  groups  ioto  which  rocks  are 
anociated,  and  the  common  relation  which  many 
(rf  diem  bear  to  the  arrangement  of  nature,  have 
prevented  the  necessity  of  much  refinement  in 
distinguishing  the  several  substances.  General 
terms  have  thus  continued  to  answer  the  pur- 
poses of  geological  arrangement  and  description, 
at  least  to  a  certain  extent ;  since  it  is  still  appa- 
rent to  tiiose  acquainted  irith  the  subject,  that 
occasional  confusion,  leading  in  many  cases  to 
important  errors,  has  followed  from  too  lax  a  use 
of  these. 

But  no  reform  having  been  attempted  until 
these  defects  had,  in  the  progress  of  fresh  infor- 
mation, accumulated  to  a  considerable  extent,  it 
has  become  impossible  to  apply  a  complete  re- 
medy without  an  alteration  so  violent  as  to  change 
all  the  habits  already  acquired.  It  is  still  how- 
ever easy,  as  in  the  case  of  mineral  species,  to 
frame  a  new  term  on  a  mineralogical  principle, 
whenever  a  rock  essentially  difierent  from  those 
formerly  known,  is  discovered;  an  example  of 
which  is  here  affinrded  in  the  caseof  Hyparsthene 
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rock.  Such  tfrmg  easily  unite  to  the  general  ca*- 
talogue  already  in  uae,  without  inconyenienee« 
To  attempt  more,  in  the  present  state  of  tfainga, 
appefu^  injudicious:  were  it  even  proper,  it  conid 
not  be  carried  into  effect  without  a  general  nb^ 
mission  to  some  one  admowledged  autbortty 
idiich  does  not  at  present  exist 

It  is  undeniable  however,  diat  in  describuig 
l^c^cal  fd£tA^  a  renovated  and  universal  a^t^ 
logue,  could  it  be  formed,  would  prevent  much 
oircumlocution ;  and  that  distinct  ta'ms,  once  do* 
finitely  associated,  each  with  its  particular  sub* 
ytance,  would  ultimately  produce  greater  accu- 
racy in  the  examination  and  description  of  rocks. 
But  it  may  be  doubted  if  the  inconveniences  now 
attending  such  a  change,  would  be  compensated 
by  any  corresponding  advantages  in  the  attain* 
ment  of  that  great  object  for  which  the  know* 
ledge  c^  rocks  is  chiefly  valuable ;  namely,  the 
fftody  of  geologidd  affinities  and  analogies ;  while 
it  would  almost  iaevitably  lead,  as  it  has  too  often 
done  in  the  other  branchee  of  N»tura)  History,  to 
the  substitution  of  trifliot  d^taili  mm)  catalogues 
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of  q>ecie8  and  varieties,  for  thcNse  wider  views 
and  inquiries  which  constitute  the  true  value  of 
these  studies. 

k  only  remains  to  add,  that,  in  conformity  to 
these  remarks,  no  change  of  nomenclature  is 
made  in  the  following  pages.  The  common 
terms  are  used ;  although  some  of  them  have 
been  more  accurately  limited,  where  it  appeared 
necessary,  to  avoid  confusion ;  and  odiers  have, 
in  the  same  manner,  been  occasionally  gene* 
ralized ;  but  always  conformably  to  received  ana* 
logy,  or  to  antient  practices,  and  for  purposes  of 
obvious  utility.  Wherever  this  has  been  done, 
die  reasons  are  submitted  to  the  readers  consi-> 
deration*  In  the  varioas  prefatory  remarks  which 
accompany  the  synopus,  reasons  will  also  be 
found  for  die  very  few  changes  or  novelties  of 
this  mitore  which  may  be  disoovered. 
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CHAP.  III. 

I 

OK  THE  CLASSIFICATION  OF  ROC&S  ADOPTED  IN 
THE  PRE9ENT  ABRANGEMENT. 

In  the  progress  of  geological  science,  two  difler* 
ent  plans  have  been  adopted  for  the  classification 
of  rocks.  In  one  of  these,  all  rocks  are  divided 
into  two  classes,  the  primary  and  secondary :  in 
the  other,  the  division  is  into  three,  namely,  the 
primitive,  transUion^  ^nd  Jloetz;  the  last  of  these 
being  the  same  as  the  second  class  of  the  first 
method.  It  is  obvious  therefore,  that  the  esta* 
blishment  of  a  tranntion  class  is  an  attempt  to 
subdivide  the  primitive  class  of  some  geologistB. 
It  is  not  here  intended  to  explain  or  examine  the 
hypothetical  views  on  which  this  subdivision 
appears  to  have  been  founded ;  as  it  would  lead 
to  general  disquisitions  foreign  to  the  subject  of 
this  work.  But  as  it  has  not  been  adopted  in  the 
present  arrangement,  it  is  proper  briefly  to  state 
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Ibe  reasom  for  diflering  on  this  point  from  those 
geologists  who  have,  received  it,  and  who,  it 
must  be  supposed,  have  considered  it,  either  a 
natoral  or  a  convenient  division,  or  perhaps 
both. 

The  primary  class  is  distinguishedfrom  the 
secondary  by  a  liumber  of  circumstances,  obvious, 
in  a  greater  or  less  d^ree,  to  examination ;  con^ 
sisting,  in  a  constant  inferiority  of  position,  a 
prevailing  high  angle  of  elevation  in  the  strata, 
peculiar  mineral  qualities,  and  the  rare  occur* 
rence  of  organic  remains.  It  is  also  most  fre* 
quently  separated  fh>m  that  class  by  a  definite 
boundary ;  which  is  indicated  by  a  reverse  order^ 
or  a  want  of  consecutive  parallelism  in  the  strata 
of  the  two  classes  at  the  place  of  contact,  accom- 
panied by  a  striking  peculiarity  in  the  rock  which 
is  found  at  that  boundary,  and  which  is  the  first 
and  lowest  of  the  secondary  strata.  The  difficul- 
ties which,  in  a  practical  view,  occasionally  inter- 
fere with  and  obscure  this  arrangement,  need  not 
be  examined  at  present,  as  they  are  discussed 
hereafter  in  the  preliminary  remarks  on  these 
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clapos.  That  divisiQn  into  two  claff«i  is  ibere- 
foreQataral. 

Th»  <:^!l»rsctexB  of  ti»  tm  99  they 

have  beeD  laid  down  by  those  who  have  adopts 
it,  are,  the  presence  of  organic  remains,  or  the 
ocNUurrenc^  of  frago^nt^  of  previous  rocks  in  the 
oompoiitiao  of  its  «tF»ta ;  implying  an  origin 
ptrtly  mechanic^.  It  is  further  necessary,  ac- 
oording  to  the.  hypothesis,  that  the  rocks  of  this 
ohiunscter  should  occur  in  a  position  intennediate 
betvaen  ^  secondary  and  primary  rocks ;  thus 
forming,  according  to  the  view  of  its  founder,  a 
transition  between  the  secondary  strata,  of  which 
the  origin  and  structure  are  supposed  to  be  me«- 
chanical,  and  the  primary,  esteemed  to  be  purely 
chemical*  It  i»  tfaerefinre  obvious,  from  the  nar 
ture  and  consequences  of  geological  alternation, 
that  wherever  a  stratum  of  the  transition  class  is 
found,  all  those  strata  which  lie  between  it  and 
the  secondary  class,  must  also  sqppertain  to  the 
former^ 


In  examining  the  value  of  these  clianicters,  it 
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roust  first  be  remarked,  that  many  of  the  roclui  of 
the  transition  class  are  purely  chemical  in  their 
texture,  as  the  limestones  and  greenstones,  for 
example,  and  that  many  of  them  contain  m 
iHTganic  remains.  In  the  next  plaee,  rocks  of 
chemical  texture  occur  among  the  secondary 
strata ;  and  others,  bearing  marks  of  mechanical 
re-composition,  are  found  among  the  primary. 
Micaceous  schist  containing  fingmenti  of  granite, 
the  primary  sandstone,  and  the  conglomerale 
whists  that  alternate  ^ith  quarts;  rock,  all  afford 
examples  of  this  latter  occurrence.  Innumerable 
secondary  limestones  present  instances  of  the 
former. 

The  frequent  absence  of  orgwic  remains  from 
the  transition  rocks,  renders  that  character  of  no 
yalue  in  a  practical  yiew ;  nor  can  it  be  con^ 
sidered  a  natural  character,  if,  in  the  predomi^ 
nant  instances,  it  is  absent.  It  has  moreover  been 
pbs^rved,  that  oi^ganic  remains  were  found  in 
limestone  alternating   with  and  succeeded  by 

gneiss* ;  an  ;event  which  would  render  it  ncces- 

■  III  ■  >  ■' 

*  Description  of  the  Western  Islands  of  Scotland.    Article 
OarvhUaiyL 
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8ary,  in  this  particular  ingtance,  to  place  gneiss  in 
the  transition  class ;  while,  in  the  predominant 
examines,  it  must  necessarily  belong  to  the  pri- 
mary division.  No  set  of  internal  characters 
thereft»«  can  be  assigned,  which,  either  taken 
^itglys  or  in  combination,  are  capable  of  forming 
a  distinction  betwem  the  transition  and  the  pri- 
mary classes. 

Neither  can  the  fimner  be  distinguished  by 
any  definite  boundaries.  With  r^fard  to  the 
secondary  rocks,  its  boundary  would  be  the  same 
with  that  already  laid  down  as  the  limit  of  the 
primary ;  should  it  be  present,  and  should  it  be 
held  to  possess  a  boundary  in  this  direction. 
That  it  has  been  held  to  be  definite  towards  the 
secondary  strata,  must  be  presumed ;  because  the 
rule  of  non-conformity,  or  the  abs^ice  of  the  paral- 
lel consecutive  position,  and  the  existence  of  the 
rock  known  by  the  expressive  term  old  red  sand- 
stone, are  by  the  same  geologists  held  to  be  gene- 
rally characteristic  of  the  commencement  of  the 
secondary  strata.  Towards  the  primary  strata, 
it  can  have  no  boundary ;  if  that  must  be  re- 
moved as  often  as  a  stratum  containing  organic 
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remainst  or  fragments  of  isore  antient  rocks,  is 
discorered  in  a  position  geologically  deeper  ttan 
that  last  assigned  for  the  limits  of  the  transition 
strata. 

Lastly,  it  is  admitted  that  the  transiticm  rocks 
are  frequently  absent;  the  primary  and  second- 
ary coming  into  immediate  contact.  Althoi^, 
fitun  their  nature,  the  secondary  rocks  may  fre- 
quently be  wanting,  either  from  die  efi^ets  of 
waste,  or  from  their  never  baring  been  dqposited 
in  some  particular  spot,  it  afanost  implies  a  con- 
tradiction in  terms  to  suppose  that  absent  which 
is  estemned  to  be  a  transition  between  two  classes, 
when  these  are  both  present 

This  class  cannot  therefore  be  considered  a 
natoral  division,  if  it  does  not  necessarily  exist, 
if  it  does  not  form  a  transition  between  the  pri- 
mary and  secondary  classes,  if  it  has  no  aggr^pate 
of  characters  by  Which  it  can  effectually  be  recog- 
nized and  distinguished  fit>m  those,  and  if  it  has 
no  assignable  boundary. 

If  the  trmmiiion  class  were  productive  of  any 
MinvenieBce  in  a  practical  view,  it  might  never- 
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thekii  with  ptopriety  be  admitted  as  an  artificial 
dirifiion ;  the  hypothetical  opinions  on  which  it 
was  originally  founded,  being  such  as,  probably^ 
to  have  now  few  advocates  even  among  those  who 
hate  adopted  it. 

In  trying  it  by  this  test,  it  is  plain  that  it 
cannot  facilitate  the  classification  and  nomenda- 
ture  of  species ;  as  the  same  substances  which 
occur  in  the  primary,  must  necessarily  also  occur 
in  the  transition  class*  They  are  indeed  ackilow^ 
ledged  thus  to  occur,  and,  for  want  of  real  dis^ 
tinctions,  are  generally  denoted  by  the  use  of  the 
hypothetical  term,  often  applied  in  a  mattner 
purely  arbitrary.  Sihce  also  it  has  been  shewn 
that  this  division  cannot  be  distinguished  by  any 
geological  characters,  it  can  evidently  be  ef  no 
use  in  geological  investigation,  or  in  classing  tfie 
phenomena  which  may  be  observed.  On  the 
contrary,  it  )s  productive  of  confusion,  and  tends 
to  mislead  observer ;  as  it  is  only  by  some  pte^ 
sumed  mineral  distinction  of  die  species,  that  a 
rock  can  be  referred  to  this  imaginary  division. 
Hence,  the  nature  of  the  species  alone  forms  the 
grotmd  of  judgment ;  kiot  only  for  the  character 
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which  may  lie  abote  k  ill  loeMBlfoii,  aa  fu*  «l 
the  boihidai  jr  d  the  ieoondafy  stitita. 

It  ia  obtioua  that  the  ccnaequetitea  of  diis 
proceeding,  aa  fkr  w  it  relatea  to  the  detertniiMh 
tioQ  of  the  class  of  any  series  of  rocka  from  this 
principle,  is  to  reason  in  a  circle ;  an  assumed 
dasa  first  giting  the  name  to  a  certain  number  of 
species^  and  those  again  being  used  to  prore  the 
C3tistence  of  that  very  class.  Whatever  resem- 
blance lo  this  process  may  ocaasiorially  occor  in 
describing  the  primary  and  secondary  classes,  it 
is  evident  that,  in  these,  we  can  always  have  re- 
course to  th(  infallible  test  <ji  geological  position ; 
if  not  actually  in  the  spot  under  consideration, 
yet  deduced  from  ample  experience  in  other 
situations.  To  this  test  the  transition  class  is 
seldom  or  never  properly  amenable. 

The  arrangement  h^^  to  be  adopted  is 
therefore  the  first,  or  tiie  division  into  two  classes, 
with  certain  modifications.  For  the  form  pri^ 
mitive,  tiiere  is  also  substituted  the  word  pri- 
mary,  which  is  merely  of  a  relative  nature, 


Digitized  by 


Google 


64 

aad  can  lead  to  no  imiMx^er  asBocuilknfrQf  ideas 
req^ecting  the  formation  of  the  earth.  The  pri- 
mary claw  is  dios  amsidered  simply  as  anterior 
in  date  to  the  secondary ;  and  all  rocks  therefore 
become  divided  into  two  leading  classes,  the  Pri- 
mary and  the  Secondary. 

Each  of  the  two  classes  is  subdivided  into  two 
divisions,  the  stratified  and  the  unstratified,  dis- 
tinguished, respectively,  by  that  difference  of 
diqxNiition,  which  is  indicated  by  thescf  terms. 
As  these  subdivions  have  not  yet  been  introduced 
into  any  of  the  arrangements  of  rocks,  th^  will 
each  require  some  explanation. 

In  the  first  class,  all  the  modifications  of  gra* 
nite  are  considered  as  entering  into  the  unstrati* 
fied  division;  together  with  serpentine.  The 
reasons  for  not  including  porphyry  in  it,  will  ap- 
pear in  considering  the  second  class^ 

Granite  is  disposed  in  lai^  irregular  masses,, 
firom  which,  veins  are  often  found  to  proceed  and 
to  penetrate  the  stratified  rocks  in  its  vicinity ;  nor 
has  it  yet  been  observed  iqi  any  instance  to  be  de- 
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cidedly  stratified.  A  more  minute  examinatioii 
of  this  subject  will  be  found  hereafter  in  the  ar- 
ticle which  treats  of  that  rock.  It  is^  at  the  same 
time,  entirely  and  properly  limited  to  the  pri- 
ipary  class :  having  hitherto  been  found  merely 
in  contact  with  the  secondary  strata  and  in  some 
rare  instances  only,  however  near  it  may  approach 
to  them :  nor  do  the  veins  of  granite  ever  pass 
beyond  the  primary  into  the  secondary  strata.  It 
is  not  however  thus  limited  with  respect  to  the 
secondary  unstratified  rocks.  For  reasons  that 
will  immediately  appear,  it  will  occasionally  be 
found  in  contact  vnth  that  subdivision  ;  but,  even 
in  this  case,  the  granite  veins  do  not  pass  into 
those  rocks ;  while,  on  the  contrary,  the  veins  of 
tiiose  substances  pass  into  the  granite,  by  which 
the  relative  dates  of  the  two  are  ascertained. 

In  treating  of  the  two  divisions  of  the  primary 
daas,  g^nite  is  considered  first.  That  plan  is 
adopted  from  the  fact  of  its  position  being  always 
infaior  to  that  of  the  stratified  rocks  of  the  same 
class.  The  veins  penetrate  these,  but  the  masses 
never  alternate  with  or  lie  above  them.    It  does^ 
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not  here  enter  into  the  consideration,  whether,  in 
point  of  origin,  it  is  prior  or  posterior  to  these ; 
that  question  appertains  purely  to  that  part  of  its 
geological  history,  of  which  this  work  does  not 
pretend  to  treat. 

The  position  of  Serpentine,  on  tike  contrary, 
which  is  the  only  other  rock  contained  in  this 
division,  is  not  necessarily  inferior  to  that  of  the 
stratified  rocks  of  the  primary  class.  It  occurs  in 
every  part  of  the  series,  from  granite  upwards, 
even  to  the  confines  of  the  secondary  strata.  As 
ah  unstratified  rock,  however,  it  is^  necessarily 
placed  in  this  division ;  and  it  will  soon  be  seen 
that,  in  the  uncertainty  of  its  position  with  re- 
spect to  the  stratified  substances,  it  is  by  no  means 
a  solitary  instance  of  irregularity. 

The  stratified  division  requires  here  no  ex- 
planation beyond  that  which  its  name  will  nag-^ 
gegt;  and  its  several  characters  are  fully  ex- 
amined in  that  chapter  which  is  appropriated  to 
the  structure  oiF  rocks,  and  in  the  preliminary  re- 
marks to  the  primary  class. 
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In  the  secondary  clasB,  the  stratified  division 
is  placed  before  the  unstratified,  for  the  same  rea- 
sons that  the  reverse  arrangement  is  adopted  in 
the  primary. 

The  rocks  of  this  latter  division,  with  certain 
exceptions  that  do  not  affect  this  arrangement, 
are  placed  above  even  the  latest  of  the  secondary 
strata ;  one  doubtful  case  alone,  of  a  partial  de- 
posit of  stratified  rocks,  namely,  that  of  the  re- 
cently ascertained  fresh  water  formations,  re- 
maining for  future  deiiision.  They  are  conse- 
quently posterior  in  point  of  time ;  although  the 
marks  of  that  posteriority  are  sometimes  obscure^ 
and,  occasionally,  wanting.  But  they  are  also 
found  in  contact  with  the  primary  strata,  and,  as 
before  remarked,  even  with  granite.  As  these 
circumstances  might  be  supposed  to  ofiei^  ah  ob^ 
jection  to  this  antmgement,  it  is  necessary  to  in« 
troduce  a  few  words  on  that  which  belongs  pro^ 
perly  to  the  general  history  of  these  rocks.  < 

The  actual  superficies  of  the  earth  offers  ex« 
uiptes  of  every  rock,  from  granite  to  the  last  of 
r  2 
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the  secondary  strs^ ;  those  now  under  reyieVbe* 
ing  purposely  unnoticed  at  present  Whether  or 
not  they  were  left  in  that  manner  at  their  forma- 
tion, does  not  affect  the  question  now  under  con- 
sideration ;  but  it  is  ascertained  that  the  surfiure 
bears  marks  of  waste,  in  consequence  of  which, 
portions  of  the  superficial  *  rocks  have  been  re- 
moved. More  particularly,  it  is  known,  that  the 
seconcbry  rocks,  as  being  the  uppermost,  have 
been  in  the  greatest  degree  subjected  to  these 
changes. 

It  is  evident  now,  that  if  an  universal  deposit 
of  rock  were  to  occur  on  such  a  surface,  it  must 
be  in  contact  with  every  member  of  the  two 
classes.  It  is  equally  evident,  that  if  it  were  one 
of  the  characters  of  such  a  rock  to  penetrate  into 
vacuities  among  those  to  which  it  succeeded,  it 
would  be  found  intermixed  with  them  in  the 
shape  of  veins,  or  ip  that  of  masses  of  other  forms, 
aocording  to  previous,  or  concomitant  circum- 
stances. Thus  the  unstratified  rocks  posterior  to 
the  secondary  strata,  would  not  necessarily  and 
exclusively  be  connected  with  these.  Even  Aeir 
predominant  connections  would  be  regulated  by 
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the  state  of  the  sarfiice  as  to  the  relatnre  propoi^ 
tiens  of  primary  and  secondary  rocks  at  the  time 
they  were  deposited.  Although,  therefore^  strictly 
s|^rtaining  to  the  secondary  cdass,  their  dates, 
or  connexions,  might  not  be  discoTered  by  their 
position,  merely  in  one  part.  But  if  the  same 
continuous  mats  is  found  to  cover,  interfere  with, 
or  ramify  into  a  primary  and  a  sacondary  rock 
also,  there  is  to  be  obtained,  even  when  in  the 
former  connexion,  a  proof  of  its  appertaining  to 
the  ^secondary  class. 

It  lias  been  just  remarked,  that  the  surface  of 
the  earth  bears  marks  of  waste,  and  that  this 
waste  is  necessarily  most  sensible  in  the  upper- 
most rocks,  other  drcwnstances  being  equal .  As 
the  secondary  unitratified  rocks  under  review,  are 
the  uppermost,  they  consequently  exhibit  the  most 
extensive  (|nd  Temarkable  losses  of  substance.  It 
thus  happens  in  nature,  that  masses  of  the  unstra- 
tified  rocks  are  found  insulated  on  the  suHSm^c  of 
tbt  stratified,  or,  in  other  ways,  occupying  dis- 
tinct and  detached  positions.  It  must  therefore, 
aho  occasionally  happen  that  they  will  be  found 
connected  with  the  primary  rocks  <mly»  in  the 
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manner  of  superposition,  or  interference,  or  both. 
And  there  is  in  fact,  ample  evidence  that,  in  ni^y 
cases;  the  unstratified  secondary  rocks  are  thus 
connected  with  the  primary  strata:  the  proof  of 
their  true  nature  being  founded  on  community  o( 
mineral  structure  between  these  masses  and 
others  of  more  extensive  connexions,  on  prox- 
imity of  position,  and  on  other  concurring  cir- 
cumstances. 

In  other  cases,  however,  there  is  not  the  same 
evidence ;  and  there  is  then  less  facility  in  deter- 
mining whether  such  unstratified  rocks  are  of  a 
secondary  origin,  or  whether  they  may  not  have 
been  formed  previously  to  the  deposition  of  the 
secondary  strata.  The  classification  tb^refor^ 
here  fails  to  possess  all  the  requisite  evidence  c^ 
fit  natural  arranggnent :  it  is  to  be  seen  whether 
it  does  not  probably  still  remain  natural,  an4 
^whether  it  is  not  practically  convenient. 

.In  the  first  class,  there  is  one  decided  divisipii 
of  unstratified  substances,  namely,  granite,  oS  z 
peculiar  mineral  charaoter,  and  always  inferior  to 
die  sti*atifiod  rocks;  its  nature,  and  the  proof  of 
its  position  being  unequivocal.  Th&  cliaract^rs  of 
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the  secondary  onstratified  substances  are  equally 
remarkable ;  and  the  chief  of  these  is  a  frequent 
or  predominant  superiority.  There  is  thus  a  com- 
mon geological  feature  by  which  this  arrange- 
ment is  distinguished.  There  is  further  a  com- 
mon set  of  genera]  mineral  characters  in  all  the 
unstratified  rocks  which  are  not  granite,  wherever 
they  may  be  found ;  serpentine  being  here  exclud- 
ed :  these  characters  being  so  strong  as  to  render 
it  often  impossible  to  distinguish  between  those 
now  exclusively  connected  with  the  primary,  and 
those  connected  in  the  same  manner  with  the  se- 
condary strata. 

This  arrangement,  which  thus  appears  natu- 
nd,  as  well  as  convenient,  will  even  become  ne- 
cessary, if  it  is  impossible  to  discover  a  criterion 
by  which  these  two  can  be  certainly  recognized 
and  distinguished.  The  nature  of  the  remaining 
doubts  respecting  these  rocks,  are  too  intimately 
connected  with  their  geological  history  to  admit 
of  btdng  here  stated  more  fiilly :  but  they  are  not 
socb  as  apparently  to  sypersede  the  convenience 
whkb  will  tei  found  to  result  iiom  the  m^hodof 
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division  here  adopted.  In  the  further  prc^ess 
of  this  science,  -when  some  absolute  character- 
istics  shall  be  discovered,  it  will  be  easy  to  restore 
to  the  first  class,  and  to  a  place  in  the  first  sub- 
division of  that  class,  the  porphyries  that  are  now 
peculiarly  connected  with  the  primary  strata ; 
should  it  be  proved  that  they  are  of  an  origin 
prior  to  the  secondary. 

As  it  is  scarcely  possible  to  explain  these, 
views  without  a  glance,  at  least,  at  the  origin*  of 
rocks,  it  must  here  be  remarked,  that  the  preced- 
ing sketch  of  the  supposed  originally  universal 
extent  of  the  secondary  unstratified  rocks,  is  an 
assumption  for  the  sake  of  elucidating  the  present 
arrangement.  There  is  no  doul>t  that  these  rocks 
are  rather  partial  than  general;  but  that  fact 
does  not  alter  the  principal  views  here  held  out. 
Partisd  depositions  at  a  recent  period,  would  ad- 
mit of  the  same  train  of  reasoning  to  a  great  ex- 
tent. The  only  doubt  which  arises  is,  whether 
puch  partial  depositions  may  not  have  taken  place 
at  very  distinct  periods.  If  they  have  occurred 
At  any  time,  before  the  formatioQ  of  the  secondary 
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strata,  they  must  be  considered  strictly  primary ; 
and  this  may  be  true,  as  already  suggested,  re* 
specting  the  porphyries  now  connected  with  the 
primary  strata :  or  with  some  at  least  of  these ; 
since  it  is  very  certain  that  the  double  connection 
just  pointed  out  does  actually  exist  in  many  of 
tiiem. 

It  has  been  seen  that  the  unstratified  division 
of  the  primary  class  comprises  only  one  rock, 
namely  granite.  But  under  the  same  head,  in  the 
secondary,  is  included  a  great  variety  of  sub- 
stances, differing  in  their  characters,  and  consti- 
tuting many  distinct  rocki^.  As  all  these,  how-, 
ever,  pass  into  each  other  by  imperceptible  gra- 
dations, and  are  connected  by  one  common  geo- 
logical bond,  it  has  been  judged  convenient  to 
adopt  one  common  term  for  the  whole.  This  term 
is  that  of  the  overlying  rocks.  It  must  be  con- 
sidered as  generic  and  geolc^cal.  No  single 
term  derived  from  any  individual  of  the  whole 
fiunily,  could  have  been  applied  to  them  ;  as  is 
conveniently  done  in  the  case  of  granite,  where 
the  same  word  suffices  to  express  both  the  geolo- 
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gical  and  the  mineral  characters.  This  term  will 
thus  comprise,  in  the  subsequent  catalogue,  a  di- 
vision much  more  comprehensive  than  any  other ; 
under  which  many  rocks  strikingly  distinct  in 
i^haracter,  will  appear  rather  in  the  light  of  vari- 
eties than  in  that  of  distinct  species.  If  such  a 
blemish  could  have  been  avoided  it  would  have 
been  desirable;  but  as  all  these  rocks  are  united 
by  a  common  geological  position,  as  the  natural 
history  of  the  whole  is  the  same,  and  as  they  are 
connected  by  indeterminate  transitions,  there  ap- 
peared to  be  no  choice. 

In  chusing  the  term  overlying,  a  word  in 
many  respects  objectionable,  r^ard  has  been  had 
to  established  habits,  to  the  difficulty  which  exists 
in  framing  new  terms,  and  to  the  objections 
against  this  practice ;  but  it  will  afterwards  be  seeyi 
that  these  rocks  are  also  occasionally  inferior  to 
the  strata  which  they  accompany,  and  that  they 
are  further  connected  with  these  in  a  variety  of 
modes.  ^ 

No  remarks  are  here  necessary  on  the  divi* 
sion  of  the  stratified  rocks  in  the  secondary  class ; 
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.as  tb<y  will,  like  the  fiormer,  be  neoeamiily 
.eKamin^  id  the  cfaaprter  on  the  ttructure  of 
rodw. 

The  two  daases  of  primary  and  secondary) 
^are  followed  by  a  division  termed  Occasional 
rocks.  This  indispensible  irregularity  in  the 
present  arrangement,  has  been  adopted  for  the 
purpose  of  comprising  some  rocks  which  occur 
indiscriminately  in  both  classes,  together  with  the 
substances  of  a  stony  nature  which  are  found  in 
veins,  and  are  therefore  of  posterior  origin  to  the 
strata,  whether  primary  or  secondary ;  in  both  of 
which  they  occur. 

To  the  whole  are  subjoined  two  appendices. 
The  first  contains  the  volcanic  i-ocks,  which,  if 
they  are  not  in  every  instance  decidedly  distin- 
guishable in  character  from  the  rocks  of  the  trap 
family,  are  sufficiently  distinct  in  their  origin  to 
deserve  a  separate  consideration. 

The  substances  contained  in  the  second  ap- 
pendix might  perhaps  have  been  omitted  in  an 
arrangement  professing  to  treat  of  rocks ;  but  as 
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they  have  ufually  been  described  by  geologists, 
their  omission  would  fonn  a  sensible  blank. 
They  are  moreover  interesting,  as  in  many  cases, 
tending  to  illustrate  the  origin  and  nature  of  the 
more  recent  strata;  while  their  enumeration 
serves  to  complete  that  department  in  the  ele- 
ments of  geological  science,  which  forms  part  of 
the  plan  of  this  work. 
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CHAP.  IV. 

GENERAL  CATALOOUB  OF  THE  FAMILIES  OF 
ROCKS  CONTAINED  IN  THE  PRESENT  AR- 
RANGEMENT. 

In  the  following  catalogue,  the  several  fami- 
lies of  rocks  are  arranged  according  to  the  divi- 
sions which  have  been  discussed  in  the  preced- 
ing chapters.  The  reasons  for  these  divisions 
have  already  been  examined :  those  on  which  the 
nearly  arbitrary  succession  of  the  families  has 
been  founded,  will  be  treated  of  in  the  subse- 
quent chapter.  Their  very  unequal  importance 
and  extent  is  very  striking  in  the  case  of  talcose 
and  of  actinolite  schist,  compared  with  gneiss  or 
with  the  overlying  rocks.  But  the  increase  of 
such  families,  or  genera,  is  so  much  more  desir- 
able than  their  diminution,  that  it  seems  expe- 
dient to  adopt  any  reasonable  excuse  for  multi- 
plying them,  wherever  that  can  be  borne  out  by 
their  mineral  characters  and  their  geological  con- 
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nections.  The  probable  consequence  of  an  in- 
creased acquaintance  with  the  history  of  rocks, 
will  be  to  add  more  of  these  divisions  to  the  now 
circumscribed  and  irregular  list. 

PRIMARY    CLASS. 

UNSTRATIFIED. 

Granite.  Serpentine. 

STRATIFfBDr 


Gneiss.^ 

Micaceous  schist 
Chlorite  schist. 
Taleose  schist. 
Hornblende  schist. 
Actinolite  schist. 

Quartz  rock. 
Red  sandstone. 
Argillaceous  sihist. 
Primiury  limestone. 
Compact  felspar. 

SECONDARY  CLASS. 

STRATIFIED. 

Lowest  (red)  sandstone.          Limestone. 
Superior  sandstones.              Shale. 

UNSTRATIFIED. 

Overlying  (and  venous)          Pitchstone. 
rocks. 

OCCASIONAL 

ROCKS. 

Jasper. 

Siliceous  schist. 
Chert* 

Gypsum. 

Conglomerate  rocks. 
Veinstones. 

' 
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APPENDIX  FraST. 

VOLCANIC    ROCKS. 

APPENDIX  SECOND. 

^ay,  marie,  and  sand.         Allavia. 

Coal.  Lignite  and  Peat. 


In  introducing  the  last  articles  into  tbis  list, 
it  may  perhaps  appear  necessary  to  apologize  for 
the  presence  of  coal,  which  has  no  claims  to  the 
character  of  a  rock  ;  as  well  as  for  that  of  peat. 
Bat  the  former  is  intimately  connected  with  the 
strata  in  which  it  lies ;  and  as  it  must  also  he 
treated  of  in  any  geological  history  of  these  sub- 
stances, '  of  which  the  arrangement  and  descrip- 
tion alone  is  here  attempted,  it  could  not  have 
been  omitted  without  inconvenience.  The  latter 
illustrates,  in  so  many  important  points,  the  his- 
tory of  that  valuable  mineral,  that,  as  it  must  also 
be  described  in  any  geological  system  which  shall 
hereafter  attempt  to  complete  this  subject,  its 
adoption  in  the  arrangement  became  equally  a 
matter  of  necessity. 
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In  a  geological  classification  of  rocks,  it  might 
appear  proper  to  have  made  a  separate  division 
of  those  which  are  found  in  the  several  fresh- 
water partial  formations  that  have  recently  been 
described.  But  our  knowledge  of  these  deposits 
is  as  yet  in  its  infancy ;  nor  are  the  rocks  which 
they  comprise  so  different  iii  character  as  to  re- 
quire a  separate  division.  For  the  present,  they 
fall  without  inconvenience  into  the  secondary 
class.  The  principal  interest  attending  these  strata 
is  of  a  geological  nature:  and,  indeed,  depends 
chiefly  on  that  of  the  organic  substances  which 
they  contain.  If  future  acquisitions' of  knowledge 
respecting  them  should  render  it  necessary,  there 
will  hereafter  be  no*  difficulty  in  modifying  the 
present  arrangement  so  as  to  give  them  an  appro- 
priate place. 
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CHAPr  V. 

JiEllARKS  ON  THE  6BNERAL  CATALOGUE  OF  THE 
ROCES  CONTAINED  IN  THIS  ARRANGEMENT, 
AND  ON  THE  ORDER  OF  THfeIR  SUCCESSION  IN 
NATURE. 

In  the  preceduig  general  catalc^e  are  comprised 
all  the  rocks  which  seem  to  have  been  decidedly 
ascertained  by  geologtsts  to  constitute  distinct 
inassses  in  nature.  Our  knowledge  is  not  how- 
ever  as  yet  sufficiently  iMxnnrate  or  extensive  to 
enable  us  to  determine  whether  all  the  inferior 
varieties,  here  ranked  under  the  general  heads, 
are  accurately  referred ;  or  whether  some  of  them 
may  not  have  claims  to  distinct  places  in  the  sys- 
tem. The  chiei  of  these  doubts  relate  to  certain 
rocks  not  found  in  Britain,  the  geological  connec- 
tions of  which  have  not  been  satisfactorily  inves- 
tigated or  described.  I  may  quote,  as  an  exam- 
ple, the  topaz  rock,  which  is  here  placed  under 
gneiss,  frmn  its  general  character.    Future  exa- 
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miDatioDS  will  rectify  these  and  many  similar 
blemishes;  under  the  present  uncertainty,  the 
most  probable  places  for  the  doubtful  rocks  have 
been  chosen  ;  since  no  proofs  of  geological  dis- 
tinctness have  been  brought  forward  so  ad  to  claim 
for  them  decided  places  in  an  arrangement  which 
is  intended  to  be  geological. 

Another  practice  has  here  also  been  adopted, 
which  it  is  requisite  to  explain  in  this  place*  The 
number  of  the  minerals  which  constitute  the  great 
masses  of  mixed  rocks,  appears  to  be  very  limited, 
as  will  be  shown  in  an  appended  list.  But  many 
other  minerals  are  occasionally  found,  as  is  thete 
mentioned,  intermixed  in  rocks,  so  as  to  consti- 
tute remaricable  varieties*  In  most  cases,  these 
varieties  seem  to  be  of  limited  occurrence  ;  the 
rocks  in  which  they  are  found,  however  distinct 
in  specimens,  forming  portions  only,  more  or  less 
extensive,  of  the  hrger  and  more  ordinary 
masses. 

It  is  also  well  known  that  these  accidentd  mi- 
nerals often  occur,  occasionally,  or:  dispevsedly, 
in  rocks,  in  proportions  so  small  as  net  to  modify; 
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their  general  charactere.  No  limit  could  there- 
fore be  drawn  in  an  arrangement  of  this  nature, 
between  those  specimens,  or  rocks,  in  which  such 
minerals  abound,  and  those  in  which  they  occur, 
as  it  were,  by  chance.  For  these  reasons,  such 
compounds,  even  where  rendered  very  remark- 
able by  the  predominance  or  abundance  of  some 
particular  accidental  or  superfluous  mineral,  have 
not  been  enumerated  in  the  synopses,  even  among 
the  lowest  divisions  of  varieties.  Micaceous  schist 
is  an  example  in  point.  In  this  rock,  a  single 
garnet  only  is  sometimes  contain^  in  a  large  fi*ag- 
ment ;  while,  at  others,  these  crystals  are  so  nu- 
merous as  to  form  a  large  part  of  tlie  bulk  of  the 
rock.  The  practice  has  here  been,  not  to  consi- 
der this  as  a  distinct  variety,  but  as  an  ordinary 
specimen  containing  imbedded  minerals. 

The  same  rule  has  further  been  extended  to 
all  the  cases  wherd  minerals  occur  in  a  state  of 
ihixture,  however  considerable ;  provided  these 
are  not  found  in  that  list  which  is  generally  re- 
ceived by  geologists  as  containing  all  the  minerals 
eMential  to  rocks.  It  may  perhaps  be  hereafter 
found  necessary  to  extend  that  catalogue;    in 
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MfhhA  caae  «HDe  of  the  rejected  varieties  will  na* 
tarally  fidl  into  the  synapses  among  those  which 
now  exclusiyely  occupy  that  place.  At  present, 
the  several  minerals  which  qccnr  in  a  state  of  mix- 
tnre,  whether  more  or  less  extensive,  with  the 
ordinary  ing^redients  of  any  rock,  are  added  at  the 
end  of  each  enumeration ;  and^by  examining  that 
list,  collectors  will  be  enabled  to  verify  any  spe- 
dmen  of  which  the  character  might,  fr<Mn  the 
prevalaice  of  scmie  adventitious  niineral,  appear 
otherwise  doubtful. 

It  may  lastly  be  remarked  on  this  subject,  that 
the  geological  connections  of  some  of  these  mix- 
turfs  of  essential  and  unessentid  minerals,  haveaa 
yet  been  so  imperfectly  described,  that,  as  in  the 
cme  of  the  doubtful  rocks  just  mentioned,  it  is  by 
no  means  certain  that  they  have  been  always  truly 
chosen  in  this  arrangement :  but  the  cerrectioa  of 
these  and  many  other  fimlts,  must  be  trusted  to 
time»  imd  to  an  increased  attention  to  a  subject 
nearly  in  its  in&ncy. 

In  the  present  catalogue  there  will  abo  be 
found  some  rocks  which  have  scarcely  obtain^ 
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-f^Iaces  in  a  geological  arrangement,  and  of  which 
two,  at  least,  have  been  hitherto  enumerated  only 
among  minerah :  Hiese  are,  siliceous  schist,  jas- 
per, and  chert.  As  far  as  can  be  ascertained, 
fit>ra  the  circumstances  attending  their  geological 
positions,  they  are  all  of  a  local  nature,  and  ap- 
pear to  be  modifications  occurring  ^  the  com- 
mon boundary  of  the  stratified  and  the  unstratified 
rocks ;  being  apparently  produced,  in  most  cases, 
by  the  local  influence  of  the  latter.  An  they  be- 
long equally  to  both  the  primary  and  secondmy 
classes,  they  have  been  placed,  as  already  re- 
marked, under  a  distinct  title.  This  expedient  ap- 
"peared  preferable  to  that  of  enumerating  {hem 
merely  among  the  varieties;  where  however  they 
are  also  noticed  when  necessary.  SUiceous  schist 
indeed  has  long  been  considered,  like  argillaceous 
schist,  a  peculiar  and  distinct  formation,  and  its  ab- 
sence might  therefore  have  excited  surprise. 
Hforeover,  on  the  view  of  its  geological  history 
here  adopted,  it  became  absolutely  necessary,  in 
giving  it  a  place,  to  allot  one  also  to  each  of  those 
substances  which  l>ear  sp  striking  an  analogy  to 
it  in  their  <Hrigin  and  connexions. 
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Under  these  several  views  the  preceding  cata- 
logue was  drawn  up*  But  some  preliminary  ob- 
servations respecting  the  adopted  succession  of 
the  families,  or  general  titles,  are  necessary,  to 
prevent  it  from  being  imagined  that  this  is  the 
order  in  which  the  several  rocks  actually  occur  in 
nature.  Hie  minuter  details  requisite  to  illus- 
trate this  and  many  previous  statements,  must  be 
sought  in  systems  of  geology,  if  indeed  they  are 
there  to  be  found ;  the  most  general  dcetch  alon^ 
Dfust  here  be  sufficient. 

With  respect  to  the  order  of  succession  in  the 
primary  class,  the  claim  of  granite  to  the  first  or 
lowest  place  is  unquestioned ;  and  has  already 
been  discussed  ;  as  has  the  unsteady  and  variable 
position  of  serpentine ;  but  after  the  former,  no 
further  certainty  can  be  obtained  as  to  the  next 
rock,  or  the  first  of  the  strata ;  sipce  they  are  all 
occasionally  found  in  coQtiHrt  with  it/  lliat  {dace 
has  here  been  giv^i  to  gn^eiss,  t^hiefly  because  it 
has  been  the  custom  so  to  do. 

The  relative  order  among  tl^  ^tn^ified  rodcs 
themselves  is  also  in^wtwt ;  but  it  ip  npt  iippro- 
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tween  the  larger  tracts  and  the  more  limited  coU 
lectaons  of  strata.  It  is  however  undoubted,  that« 
IB  many  instances,  there  is  no  such  distinction^ 
bat  that  eren  the  largest  masses  or  tracts  occur  in 
an  nncertaiQ  order.  Thus,  although  tiie  great 
tiBcts  of  alliaceous  schist  are  most  commonly 
found  on  the  confines  of  the  series  of  primary 
strata,  diey  sometimes  also  exist  below  quarts 
rock  and  micaceous  schist ;  of  which  Scotland 
furnishes  examples. 

It  must  now  also  be  remarked,  that  it  is,  in  ge^ 
nenl,  only  in  the  smaller  tracts,  or  collections  of 
strata,  that  the  fact  of  alternation,  or  the  nature  of 
the  relatire  position,  can  clearly  be  ascertained; 
In  the  lai^ar  masses,  the  connections  are  often  iuv 
visible  or  unassignable ;  either  from  their  dimem 
sions,  and  the  great  qpaces  which  they  cover,  or 
from  the  imposnbility  of  ascertaining  truly  what 
bed  is  upparmost  where  the  inclinations  of  the 
starfa  undergo  a  reversal,  as  they  are  found  to  do 
among  the  primary  rodcs.  To  assign  an  order 
in  floch  cases,  is  beyond  the  reach  of  our  powers. 

The  occasional  deficiency  of  certain  classes  of 
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rock  produces  similar  uncertaihty ;  or  raASer^ 
perhaps,  this  ought  to  be  considered  as  an  unqoeft* 
tionable  proof  of  the  irregularity  in  the  succestton 
of  the  primary  rocks.  It  is,.p]ainly,  but  the  same 
fact  expressed  in  different  language. 

Where,  however,  alternations  are  clearly  visi- 
ble, as  in  those  cases  where  strata  of  limited  extent 
follow  each  other  with  a  conformable  inclination 
and  in  contact,  no  conislant  order  can  be  found; 
or  rather,  the  greatest  irregularity  seems  to  pre-< 
vail.  I  shall,  to  illustrate  this  statement,  here 
subjoin  a  catalogue  of  some  of  the  most  remark- 
able alternations  among  the  primary  strata  as  they 
occur  in  Scotland.  Some  of  these  are  limited  to 
one  succession ;  in  others,  the  alternations  are  re- 
peated ;  but  it  is  unnecessary  for  the  present  pur- 
pose to  distinguish  them. 

The  order  adopted  in  the  ca^ogue  is  there- 
fore arbitrary  in  the  primary  class ;  and  has  only 
been  selected,  as  being  the  most  confonnableto 
established  habits ;  but  it  comprises  certain  ahe^ 
rations  that  became  requisite  in  consequence  of 
the  adoption  of  a  diffen^  division,  and  of  a  new 
member. 
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In  the  secondary  class,  no  order  is  to  be  as- 
signed, from  the  limited  number  of  substances 
contained  in  it,  and  from  the  frequent  alternations 
in  which  these  are  found. 

The  following  list  contains,  in  confirmation  of 
ihe  preceding  views,  a  few  examples  of  the  differ- 
ent orders  of  succession  which   occur  among 
rocks.    The  examples  are  all  selected  from  this 
country,  partly  for  the  purpose  of  increasing  the 
authority  of  the  statements,  by  permitting  them 
to  be  easily  verified,  and  partly  for  that  of  facili- 
tating the  access  of  the  student  to  a  set  of  facts 
which  are  at  variance  with  some  of  the  received 
geological  systems.     The  localities  have  been 
added  for  the  iormer  reason  ;   and  they  might 
easily  have  been  multiplied  had  it  appeared  ne- 
cessary.    Geologists  have  recently  ascertained 
that  similar  micertainties  of  arrangement  exist  in 
otiier  countries,  and  the  student  may  consult  their 
writings.      The  examples  are  not  quoted:  as, 
throughout  this  work,  it  has  been  deemed  expe- 
dient to  rely  as  &r  as  possible,  only  on  those  fiaicts 
respecting  which  the  author  imagines  he  has  re- 
ceived that  conviction  which  is  founded  on  ob- 
eiration. 
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SUCCESSIONS  AMONG  THE  PRIMARY  ROCKS. 


Granite. 

.    Gneiss. 
Limestone^ 
Quartz  rock. 

In  Glen  Tilt. 


Granite. 

Primary  sandstone^ 
Secondary  strata,  witk 
coal. 
In  Sutherland. 


fphranite. 

Limestone. 

Quartz  rock. 

Micaceous  schist. 

Qneiss. 
In  Glen  Tilt.  Hornblende 
schist  also  occurs   in 
any  part  of  this  series. 

Granite. 
Argillaceous     schist  : 

(dHy   slate,  and   fine 

graywacke). 
Gneiss* 
In  lona:  in  Bamfishire. 


Granite. 
Gneiss. 

Primary  sanditohe. 
In  Sutherland. 

Granite. 

Micaceous  schist. 
Secondary  strata* 
In  Arran. 

Granite. 

Argillaceous  schist. 
Secondary  strata. 
In  Arran,  and  in  Aber-« 
deenshire. 


Granite. 

Micaceous  schist. 
Quartz  rock,  or  else  the 

quartz  rock  next  to  the 

granite. 


Granite. 

Gneiss.  ' 

Calcareous    saadBton^f 

including    shale    and 

coal. 


In  Mull,  and  in  Glen  Tilt.    In  Morren  and  in  MuIT. 
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Granite. 

Gtieiss.^ 

Lowest  (red)  seeondary 

Primary  sandstone. 

sandBtone. 

Conchiferous  limestone  : 

In  Aberdeenshire:  at  Kil- 

aboFo  the  lowest  (red) 

drummy. 

sandstone:  lias. 

- 

In  Sky. 

Granite. 

Argillaceous     schist  : 

Gneiss. 

(clay   slate    or  gray- 

Secondary     sandstone. 

wacke). 

(red,  lowest). 

In  Cornwall. 

Superior  sandstone  and 

limestone  (lias). 

Granite. 

In  Inch  Kenneth. 

Argillaceous     schist  i 

(clay  slate  and  gray- 

Gneiss. 

wacke). 

Primary  sandstone. 

Lowest  red  sandstone. 

Quartz  rock. 

In  the  Isle  of  Man. 

Gneiss. 

In  Sutherland. 

Granite. 

Argillaceous  schist. 

Gneiss. 

Conchiferous  limestone : 

Quartz  rock.. 

(abore  the  rejl  sand- 

Limestone,  bituminous^ 

stone);  liasf 

or  containing  organic 

In  the  Isle  of  Man. 

remains. 

Quartz  rock. 

Argillaceous  schist 

Gneiss. 

tjineiss. 

In  Sutherland. 

Argillaceoos  schist. 

In  Isia,  and  in  Rosshire 

and  Sutherland. 

* 

I 
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These  are  among  the  most  simple  successions 
which  it  appears  necessary  to  point  out. 

In  the  following  examples  the  different  rocks 
in  each  group  occur  in  every  possible  mode  of 
relation  and  succession,  and  in  repeated  altema^ 
tions. 

Micaceous  schist. 

Fine  argillaceous  schist:  (clay  slate). 
Micaceo-argillaceous  schist :  (gray wacke). 
AreD^ceo-argillaceous  schist :  (gray  wacke). 
Fiae  conglomerate  schist :  (graywacke). 
Quartz  rock.  / 

In  Jura  and  Scarba. 

Fine  argillaceous  schist:  (clay  slate). 
Coarse,  of  various  characters :  (gtay  wackes). 
Chlorite  schist. 
Micaceous  schist. 
Gneiss. . 

To  which  is  sometimes  superadded 

Limestone. 
In  the  southern  Highland  border,  and  in  Bute. 

Hornblende  schist 
Actinolite  schist. 
Quartz  rock. 
Micaceous  schist. 
Chlorite  schist. 
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To  which  are  aometimes  mperaidded 

Limestone. 
Argfillaceoos  schist. 
Gneiss. 
Kaapdale,  Nether  Lorn. 

Respecting  the  secondary  rocks,  it  is  only  ne- 
ceasary  to  offer  some  general  remarks ;  since  from 
their  very  limited  number,  as  far  as  essential  cha- 
racters are  concerned,  they  do  not  admit  of  the 
same  method  of  enumeration. 

It  has  already  appeared,  that  ^he  lowest  (red) 
sandstone  does  not  necessarily  succeed  to  the  pri- 
mary strata. 

Any  member  of  the  three  leading  species  of 
which  they  consist,  namely,  sandstone,  limestone, 
and  shale,  may  succeed  another  in  any  mode  of 
repetition  or  alternation. 

It  is  not  however  bcliered  that  local  yarieties, 
such  as  the  oolite  among  the  limestones,  or  the 
red  marie  of  England  among  the  sandstones,  can 
have  their  order  inverted,  so  as  to  a^pfCBr  above, 
and  also  below,  any  other  local  rock.  But  any 
of  the  members  may  be  absent ;  and  thus  one 
rock  may,  in  some  places,  follow  another  in  im- 
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mediate  succeasooD,  when,  in  others,  tiie  two  are 
separated  by  different  intervening  strata.  It  is 
however  doubtful  whether  observations  have  as  yet 
been  sufficiently  extended  to  justify  the  adoptioa 
of  any  invariable  laws  on  this  subject. 

With  respect  to  the  trap  rocks,  it  is  now  un- 
necessary to  observe,  that  they  are  found  in  con- 
tact with  every  substance  in  the  catalogue. 
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CHAP.  VI. 


TIEW  OF  THE  EXTERNAL  AND  INTERNAL  GENE- 
RAL CHARACTERS  BY  WHICH  ROCK8  ARE  DIS- 
TINGUISHED. 

Rocks,  like  the  simple  minerals  of  which  they 
are  fonned,  are,  independently  of  their  composi- 
tion, possessed  of  yarious  characters  more  or  less 
obvious,  by  which  they  are  capable  of  being  dis- 
eriminated  with  a  greater  or  less  degree  of  cer- 
tainty. Neitber  technical  nor  conunon  language 
however,  are  always  sufficiently  odious  or  precise 
to  SCTve  the  purpose  of  conveying  ideas  of  some 
e(  the  minuter  differences,  which  are  still  suffi- 
omitly  palpable  to  the  eye.  This  defiect  is  pro- 
bably irremediable  ;  but  it  will  nevertheless  be  of 
use  to  enumerate  the  different  circumstances  to 
which  minefBlognte  have  applied  discriminating 
tenui;  as,inagre«tnimiberofiD6tencesatleast, 
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it  will  facilitate  tlie  progress  of  the  student  in  in* 
yestigating  the  names  of  rocks ;  and  as  many  of 
them  can  be  rendered  sufficiently  intelligible. 

Independently  of  those  varieties  of  character 
of  a  minuter  kind  which  are  in  some  measure 
common  to  rocks  and  minerals,  the  former  are 
also,  in  many  cases,  distinguished  by  certain  ex- 
ternal modes  of  configuration  or  disposition,  as  the  ' 
latter  are  by  their  geometric  forms.  As  these  con- 
stitute an  essential  part  of  the  natural  history  of 
rocks,  and  are  frequently  referred  to  in  the  follow- 
ing pages,  an  enumeration  of  them  is  equally  re- 
quired. That  enumeration  is  indeed  rendered 
peculiarly  necessary  by  the  geological  principle 
of  arrangement  which  has  been  adopted.  It  may 
perhaps  be  conceived  to  belong  more  properly,  to 
a  system  of  geolc^.  Assuredly,  it  would  require 
to  be  detailed  in  every  such  system ;  but  the  rea- 
der who  shall  imagine  it  rescinded  from  die  pre- 
sent work,  will  soon  become  sensible  of  the  ineon-^ 
veniences  that  would  arise  from  its  absence. 

The  following  are  the  circumstances  which  it 
has  been  judged  proper  to  select  as  the  general 
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characters  which  seem  principally  applicable  to 

the  discrimination  of  rocks : 

The  external  configuration  of  the  masses  ;  or 

their  geological  forms  and  disposition. 

The  internal  structure  ;  or.  the  concretionary 
forms  which  are  peculiar  to  certain  rocks  and  in- 
dependent of  the  preceding. 

The  texture ;  a  distinction  analogous  to.  that 
circumstance  in  the  simple  minerals. 

The  fracture ;  a  distinction  often  intimately 
allied  to,  or  identical  with  the  preceding ;  but, 
frequently  also,  independent  of  it. . 

The  hardness  ;  or  the^  degree  in  which  they 
resist  the  action  of  hard  and  pointed  bodies  of  dif- 
ferent kinds. 

The  frangibility ;  a  circumstance  distinct  from 
the  former,  and  consisting  in  the  greater  or  less 
fiMulity  with  which  they  are  broken. 

The  lustre ;  or  the  d^^ree  in  which  th^  re- 
flect light. 

The  degree  in  which  they  transmit  light ;  or 
the  transparency. 

The  effect  of  acids  in  extricating  air. 

Hie  specific  gravity, 
u 
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The  distincCioDS  derived  from  the  touch,  or 
the  feel,  in  rocks,  are  do  limited,  that  it  is  unne- 
cessary to  consider  them  in  this  place. 

Those  derived  from  odour,  are  nearly  of  equal 
inutility ;  although  the  argillaceous  smell  has  been 
oflten  enumerated  as  a  distinction.  It  belongs  to 
so  many  different  rocks  as  to  form  no  criterion  in 
itself;  and  is  so  generally  accompanied  by  other 
characters  of  greater  distinctness,  as  to  be  rendered 
iinhecesiNtry  even  when  jpresent. 

The  property  of  absorbing  vrater  with  rapi- 
dity, appears,  in  the  same  Way,  to  be  a  character 
of  little  or  no' practical  use,  and  no  fturther  notice 
is  therefore  taken  of  it. 
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Clf  AP.  VII. 

ON  THE  EXTERNAL    CONFIGURATION    OP  ROCKi. 

Rocks  are  found  under  the  following  different 
forms: 

Irregular  masses. 

These  may  be  of  any  tnze^  even  of  moun- 
tainous bulk.  Examples  of  them  are  afibrded  by 
granite,  and  by  the  overlying  rocks,  or  the  traps 
and  pcnrphyries. 

Pseudu-sxrata  :  Beds  of  some  gfeolcigists. 

These  forms  belong  to  the  la^  rocks,  disiin- 
guished  in  the  arrangement  by  the  teem  unatmti- 
fi^d«  They  ve  often  combined  widi  the  preced- 
ing, and  pass  imperceptibly  into  tiiem.  The 
mode  of  distinguishing  them  ftom.real  strata  will 
be  pointed  out  hereafter. 

TUs  ft>rm.  is  sometimes  the  i^ptiumit  result  of 
^  peculiar  concretionary  structure^  as  in  granite ; 

u  2 
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and  might,  in  this  case,  have  been  classed  with 
the  lamellar,  into  which  (on  the  large  scale)  if 
occasionally  passes. 

The  beds  are  sometimes  straight^  at  others 
curved,  and  they  are  often  placed  in  many  differ- 
ent du*ections  vt^ithin  a  small  space ;  varying  in 
position  from  the  horizontal  to  the  vertical. 

They  are  also  frequently  jointed,  or  divided 
at  right,  or  oblique  angles,  into  cuboidal  or  pris- 
matic forms.  In  these  eases  they  might  equally 
be  referred  to  the  large  concretionary  structure. 

The  fpn9  of  a  bed»  or  pseudo-stratum,  is  often 
assumed  by  the  tn^)  rocks,  or  the  rocks  of  the 
overlying  division,  in  consequeqce  of  their  being 
deposited  on  a  real  stratum. 

That  form  also  results  from  the  intrusion  of 
veins  between  poralFel  strata,  and  the  distinctions 
are  coiKfidered  in  treating  of  veins,  It  assumes  th^ 
appearance  of  true  stratification  in  a  very  accurate 
manner,  when,  by  tfie  wearing  away  of  the  upper 
of  the  inchidiDg  strata,  it  occupies  the  surface. 

Strata.  Sometimes  dso  called  bed«  by 
manygeologisto. 


Digitized  by 


Google 


101 

These  are  masBes  for  more  extensive  io  tii^o 
iltmeiisioiis  than  in  the  third,  and  commonly  oc- 
cupying large  spaces.  In  its  simplest  form,  the 
ttratom  may  be  considered  as  a  horizontal  bed» 
the  superior  and  inferior  planes  of  which  are  pa- 
rallel, or  nearly  so,  and  straight,  or  lying  in  one 
mathematical  plane.  It  is  held  to  arise  from  the 
depoMtion  of  earthy  matters  from  water*  That 
form  is  however  rare,  and  the  stratum  is  subject 
to  many  modifications. 

The  planes  ixiay  be  straight,  and  inclined  to 
eiM^h  oth^ ;  so  that  the  stratum,  if  prolonged, 
would  terminate  in  an  edge. 

By  the  gradual  aj>proximation  of  the  planes 
and  their  successive  divergence,  they  may  vaiy  in 
diicknesB  in  different  parts  ;  .and,  in  such  cases, 
it  is  obvious  that  the  planes  will  no  longer  be  ma» 
thematically  straight,  but  variously  curved. 

In  these  cases,  strata  sometimes  vanish  en- 
tirely in  the  planes  of  their  courses,  and  are  re- 
•newed  at  some  distance,  with  the  same  or  with 
other  connections. 

Whether  parallel,  or  not,  they  vary  atremely 
in  thickness ;  in  some  cases  being  even  less  than 
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anioch^  in  othorsassomiDga  dimeofiioaof  mauy 
jards.  It  is  olnrioas  diat  yery  ibin  strata  camiot 
be  rery  pennstent.  Many  different  dimensyms 
are  sometimes  found  aasodaled  m  the  same  seriei 
of  soocessiTe  strata. 

An  apparently  oHitinnoiis  goieral  stratifica- 
tion win  sometimes  extend  for  even  many  miles ; 
but  the  Sorfiure  of  the  earth  is  seldom  in  such  astate 
as  to  allow  the  same  indiiidual  stratum  to  be 
traced  for  a^few  hundred  yards. 

A  stratutn  is  sometimes  simply  Jient ;  or  un- 
dulated, and  in  curves  of  greater  or  less  magni- 
tude. That  undulation,  or  curvature,  may  be  li- 
mited to  one  dhrection,  or  another,  or  it  may  ex- 
tend to  two.  In  such  cases  it  produces  eflects  in 
varyingthe  apparent  i>o6ttion  of  strata,  which  will 
be  consid«*ed  in  treating  of  their  dip. 

The  curvatures  of  a  stratum  are  sometime* 
such  as  to  c^use  it  to  assume  the  fohn  of  a  cqphe- 
roidal  crust.  They  are  also  occasiodalty  of  such  A 
nature  as  to  amount  to  cdntoHidtis.  In  otha* 
cases,  when  considerable,  they  are  isometimeii  3t^ 
feuded  1>y  fradtur^B  morfe  ^  less  iiuhicirttus. 
Strata  are  alk>  treqtxMl^  frbbtnfied,  wHboul 
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contortion ;  and,  in  rach  cstaefh  t|ie  (ractured  ends 
aometimes  remain  in  contact ;  at  others,  they  are 
shifted  so  as  no  longer  to  be  in  the  same  plane ; 
and,  at  others  a^in,  are  separated  by  v^in^  of  in- 
tervening materials. 

In  one  rock  only,  it  has  been  observed  that  a 
stratum  will  in  one  part  lose  its  character  and  be; 
come  a  shapeless  mas^.  This  happens  where  se* 
condary  limestone  is  in  contact  with  the  primary 
rocks ;  and  also  where  it  is  in  the  vicini^  of  trap. 
The  Isle  of  Man,  and  Sky,  furnish  examples  of 
both  these  facts* 

Hie  positions  of  strata  vary  from  the  horizon- 
tal to  tfat^e  vertical,  through  ^ery  intenqediate 
angle* 

The  horizontal  position  requires  no  further 
remarks ;  but  the  inclination  of  the  others  to  th^ 
horizon  is  called  the  dip ;  in  which  term  is  fur- 
ther implied  its  tendency  towards  some  point  c^ 
the  compass,  where  it  is  not  vertical ;  while  the 
quj^ntity  of  that  incUqatioQ  is  expressed  in  the 
number  of  degrees  by  which  it  deviates  from  t^f 
horizoqtal  positioB. 

If  a  vertical  stratum  be  afisum^,  (i^]ffhich  t)iQ 
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edge  18  paralleTto  the  horizontal  pTane,  it  is  ob- 
vious that  such  an  bige  will  have  a  linear  direc- 
tion on  some  line  of  the  compass,  which  is  at  right 
angles  to  the  inclination,  or  dip,  and  indicates  the 
position  of  the  plane  towards  the  meridian.  In 
similar  strata,  although  the  edge  is  not  thus  pa- 
rallel to  the  horizon,  the  position  of  the  plane 
with  respect  to  the  meridian  may  be  ascertained 
by  a  spectator  placed  in  the  same  line,  but  the 
jsdge  will  no  longer  be  at  right  angles  to  the 
vertical* 

This  position  of  the  plane  of  a  stratum  with 
respect  to  the  meridian,  is  therefore  called  the  di- 
rection of  a  stratum.  This  term  is  equally  ap^ 
plied  to  strata  at  all  the  angles  which  deviate  from 
the  vertical ;  but  as  the  tendency  of  the  plane  can 
be  truly  discovered  from  the  edge,  only  when  that  is 
parallel  to  the  horizon,  the  directipu  i$  determined 
by  an  imaginary  line  at  right  angles  to  the  incli- 
nation, or  parallel  to  the  horizontal  plane« 

In  many  cases  of  inclined  strata  therefore,  as 
the  direction  of  the  strata  cannot  be  determined 
by  their  elevated  edges,  but  must  be  deduced  from 
their  dips,  the  knowledge  of  the  one  is  evidently 
implied  in  that  of  the  other. 
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When  strala  become  horizental,  it  is  plain 
Ibttt  the  term  direction  is  no  longer  applicable.  It 
is  ako  proportionably  difficult  to  determine  as  the 
angles  of  inclination  are  small ;  and  becomes 
therefore  a  iar  less  useful  circumstance  in  tracing 
the  connections  of  distant  strata. 

The  inclination  of  any  stratum  is  subject  to 
change  along  the  imaginary  line  of  its  direction^ 
in  consequence  of  undulations  or  flexures  ;  and 
hence  the  same  stratum  frequently  presents  differ- 
ent angles  of  dip  in  different  parts. 

The  direction  of  a  stratum  is  also  subject  to 
apparent,  or  local  variations,  in  consequence  of 
flexures  or  undulations  in  an  order  the  reverse  of 
die  former ;  and  hence  the  same  stratum  occa- 
sionally presents,  in  different  places,  different  ten- 
dencies of  the  elevated  edges.  A  meah  direction 
may  be  deduced  in  such  cases ;  but,  strictly  speak- 
ing, the  term  is  no  longer  applicable. 

It  is  lastly  evident,  that^  in  cases  of  compli- 
cated curvature,  nothing  satisfoctory  can  be  de- 
termined with  regard  either  to  the  dip  or  direc- 
tion of  strata. 
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neral  oouduf^oivi  with  r^[ard  to  these  circum^ 
sl||ice»  can  be  safely  drawn  firom  Ui«  meawiremeut 
oC^ne  pftrt  <tf  a  sto^tum. 

The  positions  oi  strata  with  regard  to  each 
other,  or  to  the  neighbouring  rocks,  are  various* 

When  iu  contact  with  granite^  or  other  irre- 
gular rocks,  they  are  rarely,  if  ever,  parallel  to  its 
mvfBuce^  for  any  considerable  sp^ce,  or  adapted  to 
die  extmuil  form  of  the  mass. 

More  commonly,  such  an  irr^fular  rock  i^ 
fawfkd  in  contact  with  many  successive  associated 
mrata,  or  meets  tham  at  some  angle  to  the  planes 
€f  their  stratification.  In  such  cases  thjey  are  fte* 
qmtfUy  contorted,  or  fractured,  and  paietrated  by 
rains  which  are  copn^ted  with  the  irr^fular 
rMk  and  formed  of  the  saipe  n^terials.  In  sppue 
nfe  instances  they  are  also  brokjcp  into  fragment^ 
of  different  dimensions,  which  are  found  insul^tc^ 
ia  4he  inicgular  rock. 

When  skf^  ioSow  each  oih&^  they  i^  very 
often  pfu«U<q|f<yfiC9ifsi4era^Iejqpf^ ;  pra^ncs^j^y 
parallel  asthe  inequality  of  their  thickn^permil^ 
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Ilk  olliev  «Mit.  MieiMHts  of  Mmto  Mieetft  MK>- 
'Iher  Kt  Mue  angle;  and  this  Mcunreace  Im|>> 
pens  most  frequently  where  the  primftry  are  irf* 
lowed  by  the  secondary  strata,  but  is  by  ■»  maaaa 
eoHfiocd «» these.  In  such  a  oootect,  the  planes 
oTAe  sopetior  strata  may  lie  on  the  adges  of  the 

iiderior;  a  position  known  by  the  terass  Unoan- 
formable  and  overlying.  Otherwias,  the  edges  ol 
^  superior  nwy  abirt  against  the  ptenes  of  the 
nferior. '  There  are  cases  moreover,  inwhiebooe 
stratum,  or  series  of  strata,  may  be  bo*  ptraM 
and  unconformable  to  the  series  immedialely  be- 
low  it;  being  m  cootacl  with  the  edges  in  one 
place  joid  wi*  the  pbnies  in  ana^er. 

In  a  succeaaion  of  alfata,  the  angle  of  Ifiditti^ 
tioii  is  sometimes  found  gradnaHy  to  kioreasek  «r 
10  diminish,  according  to  A«  mode  i*  which  tfcay 
are  examined.  In  this  way,  strata  pass  gradoidiy 
in  some  oases,  even  from  Ac  hoAonlal  to  Ae 
vertical  position. 

Some  cases  occur  in  which  this  disposition 
fakeB  place  in  a  ebrrespondiog  maAiMr  ottlwth 
jMes  oT  a  ^wrtical  stratum,  arset  of-vertial  stmte. 
In rooh  hi*»how,  Ac slwJa bawfcaen said  to fa> 
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diate.  This  radiation  is  sometimes  so  disposed 
that  the  strata  diverge  from  the  uj^ier  visible  edge 
of  Ae  vertical  stratum ;  while,  at  others,  they  con- 
verge towards  it. 

In  some  instances  of  the  latter  diq>06ition  it 
can  only  be  known  Aat  two  strata  meet  in  an  angle 
like  the  roof  of  a  house ;  the  intermediate  rock 
being  inaccessible. 

Such  reversals  of  the  dip  are  sometimes  re- 
peated several  times  in  the  horizontal  space  occu- 
pied by  one  set  of  strata. 

One  set  of  strata  is  sometimes  found  occupying 
a  limited  space,  and  lying  on  another  stratum,  or 
set  of  strata,  in  such  a  manner  as  to  present  a  con- 
siderable depth  in  the  central  parts  and  to  dimi- 
nish gradually  towards  the  edge.  Such  a  c6llec- 
tion  has  been  called  a  basin ;  and,  under  favour- 
able circumstances,  each  stratum  of  it  will  in  some 
place  be  found  in  contact  with  the  inferior  rock  on 
which  the  whole  reposes. 

The  thickness,  or  depth,  if  in  a  position  ap- 
proaching to  the  horizootal,  of  any  series  of  strata, 
is  extremely  various,  eveA  from  a  few  yards  up- 
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wards;  but  ite  limits  are  nnknown.  Scotland 
preseBtB  one  example,  in  which  an  oninterruptDd 
series  of  one  rode,  in  a  position  approaching  to 
the  horizontal,  is  nearly  4000  feet  in  depth.  This 
is  the  mountain  Kea  ck>ch  in  Rossfaire,  composed 
of  red  sandstone. 

When  the  mclination  is  consideraUe,  access 
is  obtained  in  a  horizontal  direction  to  a  much 
greater  extent  of  a  series ;  and,  in  sochcases,  the 
thidcness  of  a  collection  of  strata  has  been  found 
to  amount  to  many  miles.  In  Argyllshire  the 
lateral  thidmess  of  that  which  I  haye  elsewhere 
called  the  chlorite  series,  is  nearly  twenty. 

Strata  are  separated  frmn  eadi  odier  by  mathe-* 
matical  planes,  sometimes,  (teclmically,)  calted 
seaflos.  They  are  also  at  times  finder  dirided  at 
some  angle  to  their  planes  by  other  planes  cdled 
joints.  In  some  instances,  such  joints  are  ob- 
served to  be'parallel  to  each  other. 

A  seriesof  strata  sometimes  consists  of  one  sub- 
stance, or  rock^  only ;  at  others,  one  prevailing 
rock  is  divided  by  much  thinner  strata  of  ano- 
Uier;  as.sanjdstpne  is  by  shale; 
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In  other casest  twaw: more  di«&ict  rooto  uuite 
to  form  one  series;  being  r^eated  in  an  ord?r 
which  may  be  either  regular  or  otherwiae.  "thm 
gneisB  isMsociated  with  hornblende  schist. 

Sometimes,  a  small  proportion  of  one  rock 
occurs  in  a  series  principally  consisting  Qfattotib^. 
The  term  subordinaie  has  been  applied  to  such  a 
rook ;  occasionally  with  no  small  inoonv«»iaice. 
Shaleahemating  widi  sandstone,  is  mi  i^xumpk  of 
this  dififiositiQn. 

It  is  a  prevailing  rale  in  natnre  for  agiyenstra- 
tum  to  consbt  of  <Hie  rock.  It  also  most  com- 
monly consists  of  one  modification  of  that  rock ; 
but  this  rule  is  far  from  unirersal.  Thus,  the 
npper  part  of  a  stratum  may  oonairtof  afintsand- 
abme,  and  the  lower  of  a.  cooglomeimte ;  or  the 
reverse.  This  change;  may  also  lake  place  ac* 
covding  to  tl^  jilane  of  die  stratum^  or  ktenily* 
^Strata  firoqwBlly  contain  foreign  orgamc  bo- 
dies imbedded ;  sonttimcs  oonfoMdlyy  at  othm, 
with  more  or  less  of  ooadfoimitytothepia^ 
stAtifioation. 

There  are  cases  in  which  it  msy  be  difficult  to 
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^lidtii^fuirii  strata  firom  the  p0ei]do4i|rata,  or  beds, 
already  menttoned.  In  these,  recourse  most  bo 
had  to  those  characters  on  which  the  distinction 
wm  originally  foutided,  which  are  the  follow- 
,  ing. 

In  some  places  the  pseudo-strata  pass  into  tiie 
irregular  masses  which  they  generally  accompany ; 
or  else  they  become  in^gular  in  some  part.  This 
occurrence  does  not  take  pkce  among  real  strata, 
excq>t  in  the  solitary  instance  of  limestone,  else* 
where  mentioned,  where  the  presence  of  CH^ganic 
remains  is  a  sufficient  criterion  of  the  stratified 
nature  of  tibe  rock. 

Pweudo^strata  do  not  maintain  an  invariable 
parallelism  to  the  real  strata  which  they  accom- 
pany. When  above,  they  meet  ibem  obliqudy ; 
or  tfie  base  of  the  pseudo-stmtum  is  in  contact  with 
different  strata  of  the  inferior  series.  When  in- 
tehnixed,  Aey  either  present  similar  irregularities, 
or,  beiii^  parallel  in  cnde  place,  tfa^  intersect  in 
tUKiaier. 

Veins  are  fband  to  procttd  from  pseudo^stnrta 
lis  tlbey  do  <h>m  kiN«gular  riii^^ 
<he'iidjoimng«feMta.    Noteins  ptoeeedftwn  real 
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strata :  the  appearances  which  might  be  mist^^a 
for  these,  are  noticed  under  the  head  of  veins. 

Pseudo-strata  are  limited  to  the  rocks,  of  thje 
overlying  division,  or  to  the  traps,  syenites,  and 
porphyries,  and  to  granite*  lliis  distinction  is 
practically  the  most  easy ;  and  it  is  the  only  one 
necessary  for  the  student,  if,  as  is  presumed,  the 
observations  on  which  it  is  founded  are  con*ect. 
If  otherwise,  it  may  still  remain  a  rule,  until  it  is 
proved  to  be  utifounded  by  a  more  extensive  know- 
ledge of  this  subject. 

NonuLES.    Or  imbedded  irregular  masses. . 

This  term  is  adopted,  for  want  of  one  more 
appropriate,  to  include  rocks  ^hich  are  not  stra- 
tified, nor  disposed  in  pseudo-strata,  and  .whi(;h 
do  not  resemble  in  their  connections  the  large  ir- 
r^^lar  masses.     .  . 

The  form  of  nodules  is  very  various.  They 
are  sometimes  extremely  irregular,  at  others, 
bounded  by  smooth  or  even  surfaces,  and  possess- 
ing an  average  general  dimension  alike  in  every 
part.  Not  unfrequently,  they  have  a  Oiuch  g^'^at^r 
dimen«ion  in  two  directions  than  a  third ;  and,  in 
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Mich  cases,  tfaey  pass  into  the  form  of  non-per^ 
sistent  and  extenuated  strata. 

Nodules  are  frequently  imbedded  in  stratified 
rocks ;  but  they  are  also  found  in  granite.  Ser- 
pentine presents  an  example  of  this  last  case. 

The  size  of  these  masses  varies  from  a  foot  to 
a  mile  or  more. 

As  yet,  limestone,  serpentine^  and  compact 
felqiar,  alone,  have  been  found  in  this  form,  which 
must  be  considered  rare^ 

Vbins* 

Veins  are  distinguished  by  iheif  laminar,  or 
filamentary  forms,  and  by  intersecting  all  the  other 
forms  in  which  rocks  are  disposed^  They  also  in- 
tersect each  other. 

The  course  of  a  yein  is  sometimes  straight,  or 
in  one  plane ;  at  others  it  is  curved,  or  even  bent 
at  an  angle ;  but  the  latter  occurrence  is  rare. 

The  flexures  of  a  vein  are  sometimes  such  as 
to  amount  to  undulation ;  rarely  to  contorsion,  ex- 
cept in  the  case  of  quartz  and  carbonat  of  lime, 
which  are  scarcely  to  be  enumerated  with  pro- 
priety among  rock  veins. 
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Veins  are  sometimes,  likeMratat  finactored,  and 
the  fractured  parts  either  remaia  ia  contact,  or 
are  separated  (shifted)  so  as  no  longer  to  he  in  the 
same  plane.  Such  fractures  we  soMetiikies  occih 
pied  by  other  veins ;  or  one  vein  is  intamected  by 
another  of  the  same,  or  of  a  diflerent  substance. 

In  some  cases,  veins  are  simple.  In  othersb 
they  divide  into  two  cht  niore,  or  they  give  off 
smaller  branches,  or,  lasdy,  ramify  into  successive 
subdivisions.  Such  ramifying  veins  are  ahaosjt 
necessarily  filaments,  at  least  in  their  ultimate 
branches.  In  such  cases,  which  occur  [mocipally 
in  granite,  the  character  of  the  rock  <rf%en  varies 
in  the  progress  of  subdi^on. 

The  size  of  veins  is  extremely  various* 
Those  of  granite  sometimes  descend  to  that  of  a 
thread ;  those  (rf*  the  ti^  family  reach  to  a  breadth 
of  an  hundred  yards  and  upwards*  To  the  extent 
of  laminar  veins,  according  to  the  direction  of  theif 
{Janes,  there  are  no  limits  to  be  assigned. 

The  breadth  of  laminar  veins  is  sometimes  tbf 
same  for  a  consideraUe  sp^K^e,  or  the  sides  arc)  pa? 
rallel :  in  other  cases,  they  are  in^ioed,  so  that 
the  vein  becomes  gradually  extenuated  till  it  dkh 
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ajipetrs ;  or  .&ej  are  ahemattely  exlenuated  and 
expaaded^  so  aa  to  present  a  sort  of  nndidating 
iqppearance. 

The  positionB  of  veins  with  respect  to  the  ho- 
rizon, Tary  through  every  possibly  angles  Hie 
direction  and  the  dip  vre  estimated  in  the  «mte 
Humner  as  diey  are  in  strata. 

When  veins  traverse  stratified  rocks,  their  po- 
rtions with  respect  to  the  general  plane  of  strati- 
fication, is  equally  varioup.  They  frequently  in- 
tersect it  at  some  angle,  so  as  to  pass  through 
many  successive  strata.  Occasionally,  they  are 
parallel,  for  a  greater  or  less  space,  to  die  plane  qf 
stratification,  and  thus  lie  between  any  two  strata 
in  a  parallel  manner.  Sometimes  the  same  vein 
possesses  both  characters ;  intersecting  inone  place 
Ibom  strata  to  which  it  is  parallel  in  another. 

ill  such  cases,  it  becomes  sometimes  difficult 
to  distinguish  between  a  vein  and  a  stratum ;  and^ 
as  the  distinction  is  important,  it  is  necessary  to 
state  the  circumstances  by  which  it  may  be  made. 
They  resemUe  those  by  which  pseudo-strata  are 
distmguiidied  firom  real  strata. 

Vejns,  althoi^  in  any  one  place  parallel  to 
i2 
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the  (rtiiatification  which  they  accompany,  rarely 
maintain  that  position  for  any  considerable  space. 
In  some  part  of  their  course  they  will  be  found  to 
become  oblique,  so  as  to  touch  more  than  one 
stratum  of  a  series ;  or  to  intersect  it  at  a  consi- 
derable angle,  or  to  detach  ramifyingveins  through 
it.  These  are  the  cases  in  which  the  accompa- 
nying strata  are  so  frequently  bent,  contorted,  and 
fractured ;  often  to  such  a  degree  as  to  be  mixed 
in  a  confused  mumerwith  the  veins.  Fracture 
and  confusion  of  the  neighbouring  strata,  thus 
also  become  criteria  by  which  a  vein  may  be  dis- 
tinguished from  a  stratum. 

In  cases  of  this  nature,  veins  of  a  simple  rock  * 
sometimes  contain  imbedded  fragments  of  die 
strata  which  they  traverse.  Such  fragments  are 
sometimes  unaltered ;  at  others,  they  are  much 
changed  in  aspect,  and  graduate  into  the  matter 
of  the  vein. 

Veins,  like  pseudo-strata,  are  limited  to  the 
rocks  of  the  overlying  family,  or  to  the  traps,  sy- 
enites, and  porphyries,  and  to  granite;  and,  as  in 
that  case,  it  is  here  presumed,  on  grounds  of 
which  the  reasons  cannot  be  stated  here,  that  all 
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tiie  appareiit  strata  fbrntned  of  these  mbetanoes  are^ 
ID  fact,  veins.    If  this  rule  be  true,  the  nature  of 
the  rock  is  the  easiest  criterion,  and  will  always 
be  sufficient  for  the  purposes  of  distinction. 

It  must  be  recollected,  that  veins  of  quartz  and 
of  calcareous  spar,  are  excepted  from  the  general 
rules  tlrat  apply  to  rock  veins.  They  form  how- 
ever a  distinct  class  of  mineral  veins,  highly  inte* 
restiiig  to  the  geologist  from  their  frequency. 

They  are  seldom  of  very  large  size,  although 
qfnrtz  veins  occasionally  attain  a  considerable  di- 
mension. They  are  seldom  tabular,  or  ccmtinu- 
OQsly  laminar  for  a  long  space;  but  are  more 
generally  ramose^  and  more  or  less  largely  fila^ 
mentous.  They  intersect  each  other  frequently, 
and  are  often,  at  the  same  time,  shifted, 

There  are  some  rare  instances  in  which  strata, 
bbA  Aat  most  frequently  when  they  are  in  contact 
with  the  overlying  rocks,  are  minutely  divided, 
extenuated,  and  contorted,  so  as  to  pqt  on  the  ap- 
pearance cf  veins,  on  a  raperficial  observation. 
Such  false  veins  even  present  occasional  appear- 
ances of  ramification.  They  are  most  frequent  in 
tfaeargillaceous  schists ;  but  they  alsooccur  in  mica* 
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ceous  schist;  aud  in  sandstone.  They  are  dis- 
tbgnished  from  the  rOck  veins  aboye  described, 
by  their  nature,  by  their  connections;  and  by  the 
limited  extent  c^  their  connections. 

Rock  veins  can  often  be  traced  to  some  irre- 
gular mass.  In  other  cases,  it  is  impossible  to 
difK^over  these  connections,  from  the  difficult  Or 
incumbered  nature  of  the  surface.  It  is  presumed 
nevertheless,  that  they  are  in  every  instance  thus 
QOnnected ;  as  no  Unquestionable  example  of  an 
independent  and  insulated  rock  vein  has  yet  been 
discovered. 

The  veins  which  have  been  called  conteitaporar 
neous,  are  enumerated  among  the  varieties  of  in* 
ternal  structure* 

Conglomerate  veins  appertain  more  nearly  to 
the  class  of  mineral  veins,  and  do  not  find  a  plhce 
in  this  division  of  the  subject.  One  w  twb  fex« 
captions,  i^  is  true,  have  occurredi  of  IconglomeAte 
veins  not  appertaimng  to  that  dass ;  but  they  are 
conaidered  in  another  part  of  this  arrangeni»t. 
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CHAP,  vm. 


ON  THE  INTERNAL  8TROCTURE  OF  BOCKS. 

The  folloiring  modifications  include  the  different 
Varieties  of  stmcture  that  are  found  in  rocks. 

Laminab:  Including  the  foliated  and  the 
sdiiitQae. 

This  term  requires  no  further  explanation; 
except  to  remark  that,  although  it  may  in  some 
casoi  oorndde  mtfa  die  stratified  disposition,  it 
possesses  no  necessary  connection  widi  that.  It 
eccors  under  three  modifications,  which  may  be 
eonveswDtly  distinguished  into  the  lamellar,  the 
fclmted,  and  the  schistose. 

lo  the  lamellar  modification  of  tlus  structiire, 
a  rock  is  found  to  divide  with  more  or  leas  fcci- 
lity,  eittcr  by  tke  appiication  of  force,  or  from  the 
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action  of  the  weather,  into  plates,  which  are  rardy 
continuous,  as  in  the  schistose  structure,  and  still 
more  rarely  admit  of  subsequent  ditision. 

The  lamellae  are  either  straight,  or  curved  in 
one  or  more  directions,  or  contorted. 

They  Vary  in  dimensions,  from  the  thickness 
of  many  yards  down  to  an  inch,  and  even  to  that 
of  paper.  There  are  thus  a  large  and  a  small  la- 
mellar structure ;  and  the  foimer  mny  be  identi- 
cal With  the  bedded  or  pseudo-stratified  diq)0SF- 
tion,  as  already  remarked. 

They  are  sometimes  persistent  for  a  consider* 
able  space ;  and,  at  others,  are  very  limited ;  being 
divided  at  short  intervals  by  joints.  In  such  cases, 
they  assume  prismatic,  and  even  cuboidal  forms^ 
so  as  to  become  confounded  with  those  of  die  prm^ 
inatic  structure. 

The  lamellar  is  thus  sometimes  united  to  the 
prismatic  structure,  by  the  latter  being  an  acci- 
dent of  the  former^  In  other  cases,  they  are  colli* 
bined  in  another  manner,  in  consequence  of  a  la- 
minar structure  of  the  prisms  $  as  is  pointed  out 
under  another  title. 

It  is  also  occasionally  unit^  to  the  steroidal 
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frtmctare,  both  on  the  small  and  large  scale ;  as  in 
granite,  trap,  pitchstone,  and  certain  limestones  ; 
but  these  are  more  particularly  mentioned  in  other 
places^. 

The  lamellar  structure  is  sometimes  detected 
bj  modifications  of  colour,  even  when  the  lai- 
mdlse  cannot  be  separated.  It  is  also  discovered 
in  some  cases  by  the  action  of  the  weather,  even 
when  that  does  not  produce  the  effect  of  separat- 
ing the  plates ;  the  edge  of  one  lamella  yielding 
more  readily  to  its  impression  than  another.  This 
<)ccurs  in  the  sandstone  of  Strathaird  in  Sky. 

A  lamellar  structure  n^iay  however  be  indicated 
by  Use  action  of  the  weather,  when  it  has  in  fact  no 
existence.  This  happens  in  granite,  where  masses 
of  tbiff  rock  of  artificial  forms,  are  found  to  exfo- 
liate in  solid  crusts. 

Examples  of  the  lamellar  structure  on  the  large 
scale,  are  found  in  granite ;  on  a  small,  in  the 
rodcs  of  the  trap  family.  In  diis  case  it  has  been 
called,  widijsK)me  inconvenience,  schistose. 

The  small  lamellar  structure  occurs  in  pitch- 
stone  ;  and  the  contorted,  both  in  that  rock  and 
in  basalts. 
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Tiun  ntmctmt  is  not  limited  to  mmm,  bat 
OCC9IB  9ho  in  Tdiur. 

The  foliated  structure  is  the  resuH  of  a  pecu- 
liar 4if|K)sitiop  of  parts,  and  occurs  in  mixed  rocks 
o|dy ;  while  the  former  is  equally  found  in  the 
siqiple.  It  consists,  rather  in  a  tcindency  to  sfrfit 
lOtp  parallel  lamin»,  or  in  an  appeuunce  of  pa- 
i9U0li3m  in  the  diiqposition  of  the  integrant  mine- 
rail,  than  in  the  prc^rty  of  actually  splitting. 
3pt,  as  it  passes  into  the  schistose  structure,  no 
positive  limit  between  these  two  fohns  can  be  as- 
iiglied.  The  distinction  is  nevertheless  conve- 
Oient  in  practice ;  and  is  visible  in  gneiss,  to  which 
ibe  foliated  structure  is  nearly  limited. 

In  the  foliated  structure,  the  splitting,  when  it 
takes  place,  seldom  produces  a  continuous  or  eren 
hmiina.  When  it  does,  the  athu^ure  must  gene^ 
rally  be  considered  sbhistose« 

Th0  lamina  ia  Biore  frequently  uneven  mid  ir- 
r^ular  than  smooth,  is  defident  in  paralldkHi, 
and  iSt  not  unfreqoently,  curved. 

The  foliated  is  often  ooaabined  widi  a  viery 
uneven  granular  structure. 


Digiti 


ized  by  Google 


123 

Whettier  the  fdiafced  rook  admits  ^  bt^ 
ifided  or  not,  it  ofUn  exhibits  marks  of  cmrvatafe, 
Od  a  great  and  on  a  soiall  acale;  somi^iiMi 
amoimtiog  to  contorti^iie. 

The  schistose  structure  is  distiugoisbed  by  tiie 
fteility  with  which  the  rock  s|rfits  into  lamiMie  by 
mechanical  force.  A  schistose  rock  rardy,  if 
^ert  exfidiates  by  the  mere  action  of  the  weather. 

In  some  cases,  the  schistose  structure  is  found 
in  a  simple  rock,  as  in  fine  argillaceous  schist, 
(day  slate).  In  these,  it  appears  at  times  to  be 
the  result  of  mechanical  deposition ;  being  paralr 
lei  to  the  stratification :  at  othem,  being  oblique 
to  that,  it  seems  to  arise  from  a  concretionaiy  ar** 
rangemeot  of  the  particles,  analogous  to  that  Vy 
which  the  q>heroidal  fonnd  are  produced. 

in  other  cases,  the  schistose  structure  exists  in 
aggregate  rocks,  even  of  a  yery  ooane  testur^t  or 
containing  large  nodules ;  and»in  those,  it  appears 
to  be  dependent  on  the  simple  rock  which  forms 
the  basis  of  such  mixed  miisses.  Coarse  gray- 
wackes  and  coDgkmefalm,  pseaent  eanmples  of 
this  occurrence* 
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Lastly,  the  schistose  structure  sometimes  re« 
suits  from  the  laminar  alternation  of  two  distinct 
substances,  one  of  which  is  more  yielding  thaa 
the  other.  This  is  found  in  some  limestones^ 
but  it  may  also  be  considered  as  a  variety  of  the 
lamellar  modification. 

The  thickness  of  the  laminae  produced  by  the 
schistose  structure  is  various;  it  seldom,  how- 
ever, exceeds  one,  and  rarely  descends  to  the 
twentieth  of  an  inch. 

The  laminar  continuity  is  equally  various. 
It  may  extend  tx>  twenty  feet,  and  is  often  limited 
to  a  few  inches,  or  even  less. 

In  these  cases,  the  schists  sometimes  termi- 
nate by  extenuation ;  at  others,  in  consequence 
of  transverse  joints.  These  joints  are  frequently 
so  placed,  and  so  straight,  as  tx>  divide  the  lami- 
nae intx)  prismatic  masses  of  dif{ei*ent  forms. 
They  are  much  more  frequentiy  oblique  than 
verti<^  to  the  laminar  plane,  and  are  often  mu- 
tually parallel. 

The  laminae,  or  schists,  are  sometimes  even ; 
at  others  uneven,  rough,  or  tubercular. 

They    are    generally    straight,  occasionally 
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undulated  on  a  small  scale^  or.  curved  on  a 
large. 

The  schistose  and  the  fibrous  structures  are 
^metimes  united. 

The  schistose  structure  exists  only  in  stratar 
Organic  remains  are  often  united  to  it ;  or  they 
are  imbedded  in  the  schistose  rocks. 

Fibrous. 

This  structure  is  not  common,  and  occuib 
only  in  argillaceous  schist  and  in  limestone.  In 
the  latter  case,  it  might  perhaps  rather  be  con- 
sidered as  the  result  of  crystallization,  and  a» 
claiming  a  place  with  the  varieties  of  texture* 

It  is  sometimes  simply  parallel ;  being  more 
<ir  less  distinct  and  straight,  or  curved. 

The  fibres  sometimes  assume  a  sort  of  rami- 
^ed  appearance. 

Spheroidal. 

Under  this  general  term,  are  comprised  all 
the  varieties  of  concretionary  structure,  which 
are  neither  fibrous,  prismatic,  nor  laminar. 
'     The  forms  of  such  concretions  are  therdbre 
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varMHift.  Tltey  are  Mmetimeft  nearly  or  afaso* 
lately  spherical ;  in  which  case  they  touch  by 
points  only,  and  the  ioftervals  are  filled  by  the 
same,  or  by  another  substance.  Examples  of 
this  are  to  be  found  in  some  siliceous  schists  and 
in  some  Iknestones* 

In  other  cases,  by  compressmg  each  other, 
they  become  oblate,  or  indented,  or  assume  va^ 
rious  irr^ular  shapes :  and  they  thus  smnetimes 
form  a  mass  which  presents  an  aspect  as  much 
granular  as  it  is  concretionary.  Some  of  the 
shales  which  i^e  found  in  contact  with  trap  rocks> 
present  examples  of  this  peculiar  structure,  and 
they  are  found,  Tery  conspicuovsly^  in  the  Shiant 
isles^ 

Such  conc^retions  further  possess  at  times  a 
distinct  lamellar,  or  a  radiated  structure ;  and, 
in  one  rock  (pearlstone),  they  sometimes  con- 
tain a  central  particle  of  another  substance. 

Rocks  of  this  structure  often  acquire  a  bo- 
tryoidal  surface  after  exposure  to  the  weadier ; 
and,  in  some  instances,  this  conopstitniary  ar* 
rangement  isso  concealed  in  the  apparendy  uni- 
form fracture  of  the  rock,  that  it  ii»  only  distin- 
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guidable  mider  dieae  circumstaMeB*     Arran, 


and  ■my  other  placei  n  the  Western  iilet^  pre^ 
sent  exampfesof  this  oeciirpeiice»  in  the  siKcmiis 
sdinrts* 

hk  the  easci  to  which  Ae  precediiqr  rctnarks 
apply,  the  genend  stroctttre  of  the  rack  ia  cm* 
cretionary  throughout.  The  concretiona  are  ahi^ 
of  limited  nze,  varying  from  that  of  poppy  seed 
to  the  diameter  of  aa  inch. 

Ib  oAer  iaatanccg,  Ibe  concretionary  itmctore 
ia  confined  to  particular  parts  of  a  rock ;  or  tnau* 
laledconcfetionaareinAaddedinanunifermTOaai. 

Sudi  concretions  are  commonly  <rf*  large  sise, 
and  generally  in  the  form  of  obate  sphercHda.  In 
some  rare  instances,  they  are  attached  in  pairs  by 
a  cylindrical  al^n  ;  as  in  the  limeatone  add  aand* 
stone  of  Raaay  and  Sky. 

In  othera,  they  are  cracked  onthesnrface  into 
polygonal  format  which  are,  eonseiiuently^  frusta 
of  pyramids.  Of  thia^  dw  aandstaie  of  Egg  pre- 
senta  examples. 

.  Where  the  spbepoidal  form  resoksfirom  the 
desquamation  ofapriaa[i»  itianotioed  under  the 
fottfwing  bead. 
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Prismatic. 

^  Ip  this  division  are  included  the. common 
prismatic,  and  the  more  remarkable  columnar 
structures. 

The  common  prismatic  structure  is  exempli- 
,  fied  in  granite,  and  is  rarely  found  except  on  the 
large  scale.  It  appears  to  be  a  modification  of 
the  large  lamellar  structure ;  a  lamella  being  sub- 
divided by  joints,  which^  in  this  case^  are  at  right 
angles  to  it.  Hence  the  forms  are  sometimes 
nearly  cubical ;  in  other  cases,  they  are  quadrila- 
teral prisms  ;  rarely  presenting  a  greater  or  a  less 
number  of  sides. 

The  prisms  are  frequently  rounded  at  the  mi- 
gles,  so  as  to  appear  the  consequences  of  a  sphe- 
roidal concretionary  structure;  but  this  seems 
almost  always  to  be  the  effect  of  wear,  or  of  par- 
tial decomposition. 

In  some  cases,  this  wear  proceeds  gradually 
from  the  circumference;  in  others,  the  prisms 
desquamate  in  crusts ;  thus  giving  indications  of 
a  lamellar  structure  united  to  the  prismatic.  For 
the  reasons  already  stated  in  treating  of  the  lamel- 
lar structure,  it  must  remain  doubtful  whether 
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that  jdetquamatioii  is  any  proc^of  its  existence  in 
this  instance  more  than  in  that  one« 

Either  in  the  case  of  simple  rounding^  ot  of 
desquamation,  the  cuboi<)aI|  or  prisqof^c  fcmsh 
becomes  ultimately  spherQidal;  for  mechanical 
reaaons.  sufficiently  obvious.  But  as  inste^css 
also  ocanr  where  a  simple  prism  exhibits  lOMft 
tiian  one  desquamating  centre,  it  is  undoubted 
that,  in  some  cases  at  least,  there,  is  a  lamellar  ecm- 
cretionary  structure  united  to  the  prismatic. 

In  &e  columnar  structure,  as  ibe  teim  im- 
plies, the  prisms  generally  possess  a  considerabk 
length  in  proportion  to  their  breadth,  and  they 
an  not  limited  to  the  quadrilateral  form.  In  a 
far  iostanoes,  from  the  extreme  shortness  of  the 
pnams,  the  columnar  passes  to  a  tabular,  or  a 
larndbr  and  jointed  structure ;  but  the  two  are 
imikd  under  tins  head,  in  consequence  of  their 
^^sneral  resemblance,  and  of  the  undefinable  line 
bj  T^hich  they  are  separated.  Where  the 
columnar  structure  is  on  a  very  large  scale,  it 
migiit  be  8U|q[>08ed  to  belong  to  diat  division 
which  ifi  included  under  the  term  of  external 
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coiifiguratioo ;  but,  in  reality,  it  is  properijr 
placed  here.    • 

The  columnar  structure  is  invariably  aggre- 
gated. No  instafice^  that  I  know  of,  has  yet  oc- 
cuired,  of  asHigle  colunm,  as  there  are  of  single 
spheroids,  included  in  an  amorphous  bmm. 
PStehstone  scarcely  offers  an  exception;  as  the 
small:  columns  which  it  sometimes  ea^bibits,  are 
p<>rtidns  of  lamdte. 

As  the  prisms  are  often  accumulated  in  a  pa- 
rallel manner,  of  the  same  length,  and  for  a  con- 
siderable space,  they  unite  to  form  a  bed,  or 
pseudo-stratum ;  or  dse  such  a  bed  appeaiB  to  lie 
split  into  prisms,  and  that  division  generally  takes 
place  dearly  at  right  angles  to  the  leading  planes; 
But  as  such  planes  are  not  necessarily  parallel, 
so,  in  a  mass  of  prisms,  the  lengths  of  these  con- 
cretions will  be  found  to  vary  in  different.  partaL 

Not  unfrequently,  the  most  regular  colmtauur 
'Structure  vanishes  in  the  same  continuous  man, 
and  in  a  gradual  manner.  This  takes  place, 
either  laterally,  or  in  the  direction  of  the  axes. 

In  a  columnar  mass,  the  axes  may  be  verCieal, 
or  inclined  to  the  horizon  at  any  angle,  or  hori*^ 
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nsotal;  and,  in  these  cases,  it  is  inqdied  that  the 
prisms  are  straight,  as  well  as  pacrallel  to  each 
other. 

The  parallel  position  is  not  however  necessiUry, 
Id  a  collection  of  prisms,  they  are  sometimes 
found  to  radiate  from  some  imaginary  centre,  ot 
from  more  than  one.  In  other  cases,  they  art 
placed  in  various  irr^fular  ways  and  entangled 
tt^ther.  In  some  instances,  such  irreguUur 
primQS  are  found  more  or  less  accumulated,  or 
dispersed,  and  intermixed  with  the  same  rock  in 
an  amorphous  state. 

When  a  collection  of  prisms  is  parallel  and 
erect,  with  straight  axes,  and  on  a  large  scale,  the 
well  known  effect  of  architectural  r^ularity  is 
produced. 

The  prisms  are  not  necessarily  straight  At 
times  they  are  slightly,  at  others,  very  conqricu- 
ously  curved.  Sometimes  the  same  curvature 
affiM^ts  a  considerable  associated  number ;  or  the 
prisms  are  then  bent  in  a  manner  more  or  less 
parallel.  In  such  examples,  the  general  efifect  of 
r«^ularity  is  not  destroyed*    In  other  instances, 
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die  curvsdures  are  variously  opposed ;  or  the  bent 
are  intermingled  with  straight  prisms. 

A  columnar  mass  is  sometimes  formed  of  a 
collection  of  short  prisms,  placed  in  a  manner 
more  or  less  parallel,  but  so  that  the  extremities 
of  some  are  in  contact  with  the  middle  parts  of 
others.  Ifi  such  cases  they  impress  each  other; 
and  the  effect  of  regularity  in  the  structure  of  the 
mass,  neariy  disa|^)ear8.  A  remarkable  example 
of  this  occurs  in  the  Scuir  of  Egg. 

As  the  prismatic  is  united  to  the  bedded,  or 
pseudo^stratified  form,  so  it  occurs  together  with 
the  spheroidal  concretionary ;  but,  in  the  only  in- 
stances yet  known,  the  prisms  are  short  and 
united  with  the  amorphous  mass.  This  circum- 
stance was  noticed  in  treating  of  the  spheroidal 
structure,  and  is  found  in  the  sandstone  of  Egg. 
It  also  occurs  in  Rum,  in  trap ;  the  spheroid 
being  of  an  enormous  magnitude. 

The  preceding  remarks  on  aggr^ated  prisms, 
like  many  of  the  following,  apply  chiefly  to  the 
rocks  of  the  overlying  ftmily,  trap,  i^enite,  and 
poTf^yiy.     They  might  have  been  mentioned 
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czdogively  under  that  head ;  butt  to  have  omitted 
them  in  the  present  chapter,  would  have  left  this 
account  of  the  forms  and  structures  of  rocks  im- 
perfect. 

On  the  small  scale,  as  in  columnar  ironstone, 
which  is  but  a  modification  of  shale,  a  coUectioa 
of  prisms  is  not  only  curved  but  sometimes  mi- 
nutely undulated. 

Hie  prismatic  structure  is  not  limited  to  beds, 
f>r  masses,  but  occurs  also  in  veins.  In  this  case 
the  primiB  are  most  commonly  at  right  angles  Uf 
the  plane  of  the  vein.  But  they  have  been  alw 
found  to  occur  in  a  direction  parallel  to  it,  and 
either  horizontally  or  Vertically  jdaced* 

The  columnar  structure  is  sometimes  conh* 
bined  with  the  lamellar;  and  the  lameDsDmay 
either  be  parallel,  w  at  rigfataqgles,  to  the  axis 
of  the  prism. 

It  is  almost  unnecessary  to  resnaric,  that  the 
prisniatic  does  not  exclude  the  minute  kinds  of 
stra^ture,  namely,  the  amygdaloidal  ai^  the 
jporfdQrritic. 

In  an  aggr^fate  of  prisms,  thqr  are  always 
found  m  ccmfact,  exccfrt  in  tiie  case  of  an  union 
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with  the  spheroidal  structure  already  noticed; 
when  they  are  separated  by  empty  intervals,  or 
by  intervals  filled  with  another  substance. 

The  contact  is  sometimes  such  as  to  admit  of 
the  ready  separation  of  the  prisms ;  at  other  times, 
there  is  a  partial  or  more  complete  coalescence. 

The  sizes  of  prisms  are  various. 

In  diameter,  or  thickness,  I  have  not  found 
examples  exceeding  9  feet ;  and,  from  that,  they 
vary  to  one  foot,  or  less ;  in  columnar  ironstone, 
(which,  as  a  modification  of  shale,  is  here  ranked 
with  rocks)  they  are  sometimes  even  less  than  the 
tenth  of  an  inch,  so  that  the  mass  becomes  nearly 
fibrous. 

In  length,  they  vary  from  one,  even  to  300 
feet,  or  much  more ;  but  when  the  length .  be* 
comes  so  considerable,  it  is  difficult,  for  want  of 
access,  to  determine  truly  whether  the  single 
prisms  of  a  mass  are  continuous  throughout. 

The  forms  are  equally  various,  fix>m  three 
sided,  upwards,  even  to  twelve  ;  but  figures  cf 
four,  five,  and  six  sides,  are  the  most  common. 
Such  figures  are  by  no  means  rc^ar,  uiless  in 
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a'few  accidental  cases;  and  every  modification 
-of  form  may  be  found  aggregated  in  the  san^ 
wauB.  Nor  are  the  sides  of  the  prisms  iieoe»- 
wrily  straight;  being  sometimes  convex,  or 
ixmcave. 

Prisms  are  sometimes  continuous  for  acon^ 
mdkrable  length.  At  others,  fhey  are  divided 
by  oblique  or  irr^ular  joints.  In  many  ia*- 
stiBces,  the  joints  are  at  right  angles  to  the 
«Les,  and  occur  at  different  intervald,  from  an 
inch  to  many  yards.  When  such  joints  poeoeas 
an. average  general  distance  varying  from  one  to 
three  feet,  a  considerable  appearance  of  artificial 
rq^ularity  follows;  and  it  nmst  be  remarkedt 
that  the  most  perfect  and  numerous  joints  occur 
in  the  most  regularly  formed  colunms.  Tbey 
«e  in  some  cases,  as  abready  noticed,  so  frequedt 
as  to  produce  tabular  prisms,  not  reachiiB^1b> 
4Nr  exceeding,  mi  inch* 

In  the  jomte,  the  surfaces  in  contact  are 
sometimes  vneven,  at  others  flat,  at  others  agaio, 
alternately  concave  and  ccmviex;  and  .either  of 
these  forms  may  be  fouad  in  the  lower  portion^ 
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In  some  remarkable  examples  of  a  lower  roBcare 
smr£au;e^  the  angles  of  the  inferior  portion  pro- 
tmde  in  a  point  which  covers  a  corresponding 
deficiency  in  the  upper.  In  others,  equally  re^ 
markable,  the  surface  of  a  joint  is  marked  by  a 
channel  parallel  to  its  boundary  and  near  the 
^ge  of  the  prism.  The  first  |of  Aese  is  exem- 
^fied  in  the  coliiomar  traps,  or  basalts,  the  last 
in  columnar  ferrifer6us  sdkale,  or  ironstone. 

In  the  smaller  colamnar  stroctdre,  the  prisms 
sore  sometimes  longituditialiy  striated  ;  and^  in 
«ome  ins^ces,  further  distinguidied  by  );)ffo- 
taberant  rings,  or  inseparable  joints.  Exampies 
'ef  this  inay  be  found  in  limestone,  in  jjflfKkr, 
ind  in  argillaceous  ironistone. 

In  the  act  of  deoomposilidn,  the  portiois  of 
jdmied  prisms  sdmetinfes  give  indications  of  a 
/"lamellar  structure,  whidi,  in  the  progness  of 
deaquainatioii,  leaves  a  spbdroidtil  noclens ;  each 
successive  lamina  becomitig  graduaUy  morera- 
{^lariy  curved.  Tins  case  is  Analogous  to  that 
winch  occurs  in  the  conlmon  prismatic  stnse- 
tnre^  already  noticed,  dnd  admiii  x>f  lie  same 
ckmbto  as  to  lis  real  naihsre. 
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This  peculiar  digpoBiticm  seemi.  proptrljr 
lo  appertain  to  the  ctrcumtteace  of  internal 
ttructore  in  rodoiw  It  cmn]mfles,  not  merdjr 
those  appearances  wfaidi  ai^  only  to  be  dik 
eorered  by  the  action  of  the  weather,  hut 
many  of  tikose  visible  veins  which  do  not  pats 
oot  of  one  rock  into  another,  and  which  consist 
of  the  same  substances  as  the  including  mass, 
lasder  some  variety  tyf  aggravation.  It  tbts 
IneludeB  soum  of  the  oonteflm>oraneocis  veins 
'Of  geologists ;  a  lem  'applied  in  so  naany  ways 
as  to  be  a  source  <9f  condMenMe  inoonvenieaee. 

In  some  eicaniiples  of  this  stnicbire,  a  sisgle 
vein  is  sometimes  found  traveraing  b  mass ;  w 
Ikgre  tire  two,  or  more,  -either  separated,  or 
^aterforing  in  some  way«  it  is  not  unfrequent, 
in  this  ceae,  to  find  the  same. pecidiarily  of  ai^ect 
^Ucfa  disttnguirfies  Ae  veto,  disposed,  in  some 
other  place,  ia  irngcdar  patches,  and,  oonse- 
S^ently,  in  a  kind  c€  concretioiiaiy  form*  This 
'oeouiTCMe  is  common  in  gvanite« 

The  i^M  oif  saeh  veins  vary  from  the 
breadth  of  a  fwt  or  auM,  to  ^oae  of  la*  ^bm 
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an  inch;    and,    in    length,   they   are  equally 
imcertain. 

They  are  sometimes  disAinguishable  in  the 
fresh  rock,  by  diflference  of  aggr^ation,  or  by 
differences  in  the  proportions  or  isizes  of  the 
parts,  occasionally  accompanied  by  variations  of 
colour.  In  other  examples,  their  existence  is 
only  discovered  after  the  decomposition  of  the 
including  rock ;  when  they  remain  traversing 
die  mass  of  clay  or  other  materials  which  have 
resulted  from  this  cause*  Indications  of  thdir 
existence  are  also  given,  even  where  a  rock  tins 
not  been  disintegrated  <Mr  decomposed;  their 
superior  hardness  <;ausing  them  to  protrude  above 
the  general  surface* 

Tliey  oflien,  in  this  case,  present  a  reticulated 
appearance ;  indicating  that  tiie  interior  of  the 
rock  contains  laminee  crossing  each  otiier. 
Examples  of  this  structui^e  arte  common,  both 
in  granite,  and  in  the  sandstones. 

When  such  laminae  are  numerous,  the  inter- 
vals form  depressions  or  cavities ;  and  the  venous 
then  passes  into  a  caucellated  structure  which 
may  be  included  with  the  following. 
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The  cancenated  structure,  arising  from  the 
intersections  of  numerous  laminae,  passes  into 
a  decided  disposition  of  a  cavernous  nature; 
the  intervals  by  which  the  cells  are  separated, 
no  longer  bearing  the  appearance  of  veins. 
The  small  cavernous  is  distinct  from  this 
particular  structure,  and  generally  accompanies 
the  amygdaloidal. 

The  large  cavernous,  or  cancellated  struc- 
ture, like  the  veined,  is  scarcely  to  be  dis- 
covered but  after  the  weathering  of  a  rock,  and 
it  then  becomes  apparent  on  the  surfece.  The 
cells  vary  much  in  size,  in  form,  and  in  aggre- 
gation ;  and  hence  a  variety  of  appearances, 
examples  of  which  are  afforded  in  sandstones 
and  limestones ;  as  the  merely  veined  is  chiefly 
prevalent  in  the  traps  and  in  granite. 

The  small  cavernous  structure  aetuaUy  exists 
in  Ae  irock  so  as  to  be  always  visible ;  and  it  is 
more  or  less  perfect ;  as  the  cells  are  sometinles 
partly  filled  with  some  foreign  substance.  They 
vary  in  number  within  a  given  space ;  being 
sometimes  sparingly  diq^raed,  at  others  crowded. 
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80  as  to  produce  a  flcorifonn  appewrapic^  IBucb 
cdb  are  of  Tarioua  sizes;  but  they  do  uot 
often  exceed  half  au  inch  in  dimensiooa* 
and  (hey  are  also  of  vanous  forai8»  aphenoidd 
w  elongated* 

Amyjooajloidal. 

The  amygdaloidal  structure  may  be  under- 
stood from  the  preceding  remarks ;  the  cay^m 
being  filled  with  a  variety  of  foreign  mineral  sub- 
atancest  which  Ihusappear  like  imbedded  nodules. 
These  nodules  vary  in  size,  from  a  diameter  of 
aome  inches  down  to  that  of  poppy  seed.  The 
cayemous  and  amygdaloidal  structures  are  oftra 
united  in  die  same  mass ;  and  both  of  these  ane 
limited  to  the  rocks  of  the  trap,  or  oyerlying, 
ftmily,  loid  to  those  of  ydamic  origin. 

AoOiiBOATB. 

In  Ihis  atructure,  firagmento  of  yarious 
sites  are  united  into  one  mass,  or  the  aggregate 
is  conqxMied  of  previous  rooks  broken  and 
Kunitad.  It  Moeludcs  aU  Ate  conglomemtes 
and  bieecw  of  geologists;  noA^mtkohe 
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cMceivdd  to  conprise  die  nndstoiieH  as  th'6 
limits  between  these  and  die  former  are  mi* 
dMnable.  Ir  this  latter  case  however^  Ae 
appearances  may  equally  be  ranked  wider 
varieties  of  texture. 

In  die  aggregate  stmcture,  die  parts  may 
consist  df  one,  or  of  moire  rocks,  or  of  these 
intermixed  with  cfoartz,  or  of  qmurtz  akme. 

Hiese  diffisrent  snbstances  are  aametimes 
united  without  any  apparent  general  ioter- 
medium  ;  sit  others,  a  common  base  qipears  to 
perrade  aaid  cement  the  whole. 

The  si^es  of  die  fragments  vary,  froin  die 
finest  sand  to  a  diameter  of  many  feet;  but  tfaey 
are  generally  limited  to  very  moderate  di- 
tsemions. 

in  the  finer  aggregate  stractilres,  an  average 
general  size  commonly  pervades  all  the  parts; 
in  die  larger,  or  coarser,  fragments  of  all  Hzes 
are  united  in  tiie  same  mass. 

In  some  examples,  the  parts  are  roundnd>  as 
if  by  previous  attrition ;  often,  also,  bearing 
other  marks  of  the  acticm  of  air  or  water.  In 
trtliOTV  tfajefiragmcnts  possess  more  ov  less  of  that 
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acuteness  which  would  result  from  a  recent 
fracture.  Geologists  have  sometimes  distid* 
guished  these  varieties  by  the  distinct  terms, 
conglomerate  and  breccia ;  the  former  also  some- 
times by  that  of  puddingstone  ;  but  these  terms 
not  haviipg  been  always  used  in  the  ssuue  con- 
stant sense)  no  advantage  has  arisen  from  them. 
.  In  many  examples  of  the  aggr^te  structure, 
sharp  and  rounded  fragments  are  united  in  the 
sameniass. 

In  certain  cases,  a  rock  is  fractured,  or  di- 
vided, into  parts  so  minute,  by  the  intersectioii 
of  veins  of  quartz,  or  of  carbonat  of  liine,  or  of 
basalt,  as  to  emulate  the  aggregate  structure. 

The  two  following  modifications  hold  a  sort 
of  intermediate  place  between  the  accidents 
arranged  under  Structure  and  those  included 
under  the  term  Texture ;  and  they  may  with 
equal  propriety,  therefore,  be  considered  in  this 
division. 

Granular. 

The  finer  varieties  of  the  aggregate  structure 
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may  also  rank  under  this  title,  but  it  inc)ndei$ 
other  appearance3  distinct  from  aggregation. 

In  the  granular  structure,  one,  or  more 
minerals  may  be  engaged ;  and  the  latter  variety 
includes  the  compound  rocks,  in  which  the 
several  mineral9  are  distinguishable,  and  whidi 
are  not  noticed  under  other  titles. 

The  granular  structure  may,  from  its  mi^ 

nuteness,  be  united  with  many  of  the  preceding 

without  destroying  their  characters ;  and  hence 

#a  rock  may  be  granular,  and  at  the  same  time 

foliated,  or  columnar,  or  spheroidal. 

In  the  strictly  granular  structure,  grains  of  the 
same,  or  of  different  minerals,  are  closely  aggre- 
gated, as  if  by  a  simultaneous  and  confused  crys- 
tallization ;  and  hence  they  influence  or  destroy 
ieach  others  regtilar  forms.  The  magnitude  of 
the  parts  is  Tarious^  but  generally  limited ;  rang- 
ing most  commonly  from  the  twentieth  to  the 
h^fofaninch. 

It  is  often  difficult,  in  practice,  to  distinguish 
betwete  an  aggr^pate  and  a  granular  structure; 
and^  4n  th^»e  dtfiesy  tbe  liature  of  the  structure  is 
presumed  from  that  of  the  rock ;  *the  true  charac- 
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ter  of  a  skigie  example  being  detennined  by  es> 
perience  respecting  the  predominant  examples  in 
that  rock. 

As  the  crystals  in  the  granular  structure  majr 
sometimes  possess  a  greater  dimension  in  one 
ilir6(^<m  than  in  another,  a  fibrous  structure 
more  or  less  perfect  may  result ;  but  this  modifi^ 
nation  beii^  rare,  and  less  decided  than  the  ordi- 
nary kind,  is,  apparently,  ti^ith  more  propriety 
raidced  under  the  head  of  texture. 

In  the  solitary  case  of  graphic  granite,  thc^ 
granular  structure  becmnes  imperfectly  prismatic; 
but  where  nature  haa  made  no  deci^  limiits,  it 
is  impossible  to  preserve  an  artificid  classi^cation, 
like  this,  pure. 

The  gpranular  structure  is  also  known  by  the 
name  of  the  crystalline ;  a  ccnTeoient  knn»  had 
it  always  be^  strictly  limiteid. 

PORPHYRITIO. 

In  the  rigid  poipliyrHic.0tniclDre,  ciystals  of 
on^  mineral  are  imbedded  in  at^ontinuoui  «gMU|s 
of  another.  But  the  ten*  is  also  extended  tp 
cases  in  ^hUh  ciyatak  ^f  two  or  BMre  miMralt 
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are  so  imbedded,  or  where  crystals  of  one^  or 
more,  are  imbedded  in  a  granular^  or  a  compound 
base. 

The  crystals  are  commonly  minute,  not  ex-* 
ceeding  the  tenth  of  an  inch  in  dimensions ;  oc« 
casionally,  they  attain  to  the  size  of  an  inch  or 
more. 

The  porphyritic  structure  varies  in  the  num- 
ber of  the  imbedded  crystals;  and  becomes 
evanescent  by  the  loss  of  their  forms,  or  in  con- 
sequence of  being  obscured  by  the  granular  na^ 
ture  of  the  base,  or,  lastly,  by  their  entire  disap- 
pearmce. 

Like  the  granular,  it  may  be  united  to  any  of 
the  larger  modifications  of  structure,  or  to  the 
amygdaloidaK 
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CHAP.  IX. 

ON  THE  TEXTURE,  FRACTURE,  AND  OTHER  RE- 
MAINING GENERAL  CHARACTERS  OP  ROCKS. 

.  TEXTURE, 

Ij  ha^'beeo  attepiptec}  to  di^tinguiah' between  the^: 

structure  and  the  texture  of  it  rock,  by  arranging^ 

under  the  former  term   those  modifications  iar 

ivbioh  th^  component  part^  are  either  more  or 

1^  4i^ttnctly  9epantted,  or  are  thus  separable 

under  peculiar  circumstances.     In  A^  modifi^ 

cations  arranged  under  the  head  of  texture,  it 

must,  on  the  contrary,  be  conceived,  that  the  mass 

is  continuous,  but  that  it  is  so  constituted  as  to 

presentanalogous  appearances  to  the  former ;  these 

being  generally,  however,  on  a'^smaller  scale,  and 

consisting  of  parts  that  cannot  be  separated.  The 

texture  is  thus  an  indication  of  an  imperfected 

and  minute  structure.     As  ii  is  scarcely  dis- 
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ranged  nnder  it  pass  thas,  on  the  one  side,  intd 
those  comprised  nnder  the  term  fracture,  as  they 
do,  on  the  other  hand,  into  those  included  under 
that  of  structure.  The  indefinite  boundaries  of  the 
fbrms  of  nature  do  not  easily  permit  greater  ac- 
curacy of  language  and  arrangement ;  and  there 
are  cases,  moreover,  ia  which  the  term  texture  is 
so  convenient,  as  to  make  us  unwilling  to  part 
^tfa  it;  independently  of  the  claim  which  it  has 
acquiied  from  its  use  among  Mineralogists. 

"    Granular, 

'•  The  term  here  repeated  mider  the  head  of 
texture,  as  well  as  that  of  structure,  is  sufficiently 
erjfildi;  and  it  is  easy  to  widerstand  how  a  sub- 
stance may  be  arranged  in  a  granular  manner, 
without  being  absolutely  formed  of  distinct  parts, 
or  admitting  of  being  separated  into  grains. 

.  itbe  granular  texture  admits  of  being  modified 
in  various  ways. 

'  It  may  be  arraaceous  and,  thus,  distinct ;  or 
else,  flat  and  evanescent.  It  may  be  united  to  k 
cfystsUiiie,  ot  to  an  eardiy  appeiarance.    It  may 
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also  vary  in  size.  The  most  compact  varieties  of 
quartz  rock,  and  some  varieties  of  argUIaceous 
schist,  present  examples  of  these  textures. 

It  may  pass  into  an  elongated  crystalline,  and 
distinct,  or  into  a  fibrous,  or  a  scaly  texture.  It 
may  also  be  intermitted  with  distinct  examples  of 
these. 

Bladed. 

This,  or  the  flat  prismatic  texture,  arises  f|t>m 
ihe  interlacement  of  prisms;  and  as  it  passes 
from  the  granular  texture  on  the  one  hand,  so  it 
passes  into  the  fibrous  on  the  other.  The  modi* 
fications  which  it  may  present,  are  so  analogous 
to  those  of  the  following  division,  that  they  do 
not  stand  in  need  of  enumeration.  It  occurs  in^ 
some  hornblende  and  actinolite  schists* 

Fibrous. 

This  texture  results  from  tfie  condensed  tig- 
gr^gation  of  minute  irregular  prisms^ 

It  may  be  more  or  less  distinct,  or  it  may  con- 
sist of  parts  of  various  ma^itude. 

The  fibres  are  iKNXietimes  continuous  for  i^^ 
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certain  small  e^^ace ;  and,  as  they  may  be  parallel, 
ftraigfat,  or  curved,  or  interlaced,  or  radiated  in 
a  manner  more  or  less  complete,  many  subordi- 
nate distinctions  are  tbe  consequence.  These 
liave  been  denoted  by  certain  technical  terms ; 
wbidi  «eem  scarcely  wanted,  as  the  modifications 
are  never  such  as  to  render  it  inconvenient  to  de- 
signate them  by  ordinary  language. 

The  appearance  of  a  fibrous  texture  is  some- 
times produced  by  the  parallel  position  of  minute- 
ly granular  or  scaly  particles,  of  which  the  length 
is  greater  than  the  breadth,  when  no  continuous 
fibres  exist.  This  texture  is  sometimes  combined 
with  the  scaly,  or  passes  into  it    « 

SCALT. 

In  the  scaly  texture,  the  scales  may  be  con- 
ttderably  continuous,  when  it  is  easily  confounded 
ivith  a  minutely  lamellar  structure.  But,  in  the 
predominant  instances,  the  continuity  of  any  scale 
is  soon  interrupted,  and,  in  general,  ihey  are 
mmilte. 

In  respect  to  position,  they  may  be  parallel, 
or  confusedly  intermixed. 
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'  They  may  also  be  more  or  less  ei^ily.  Hqia-i 
pijted;  and,  when  very  distinct,  the  scaly  texture 
might  with  equal  propriety  be  called  a  scaly, 
structure. 

The  most  iufiperfect  scaly  texture  passes  intd 
the  flat  granular ;  and,  it  need  scarcely  be  added/ 
diat  seyeral  textures  may  be  intermixed. 

♦  *- 

Compact. 

In  the  compact  texture,  no  appearatice  oi  ckn 
scure  int^rant  parts  is  to  be  seen ;  or  it  may  be 
considered  to  imply  the  absence  of  all  the  preced* 
ing  modifications.  The  varieties  of  aspect  wbi<ili 
accompany  the  compact  texture,  appertain  to.  Uie 
following  division. 


npsB^ 


FRACTURE. 

« 

By  the  fracture  of  a^  rock'  is  understood  the 

appeamnce  of  a  fresh  surface  after  forcible  sepa* 

ration.    As*  this  depends  in  a  great  measure  on 

^e  texture,  it  is  now  easy  *  to.  peifceive  bow^  ifk 
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ceilaia  cases,  these  terms  are  mutualiy  collyer- 
tibk«  It  is  not  the  less  necessary  to  retaui  this 
distiDCtion;  as  there  are  some  modificotiom  of 
fmctnre  where  no  proper  differences  of  texiuMe 
We  perceptible.  > 

There  tirt  two  distjoct  classes  of  fracture,  ^ 
large  and  the  small ;  and  it  is  t]ie  latter  Which  is 
more  espedally  connected  wUh  the  textttf^  of  a 
*ock,  .1 

'-   Emu.  ■.  :  .-'V 

In  the  even  fracture,  the  surfiM^e  is  a  plane  <if 
gutttor  or  less  extent ;  without,  or  witb^  a  Very 
slight  d^^ree  of  eufvatiire4 

UNBVBif*  '  . : 

When  one  plane  sukAmm!  is  teiy  lifnited,aifiid 
mceeeded  by  ^ther  {rfanes  variotwly  itidinci^'  the 
fr4<;lQre  becomes  tmeven^  end  the  angies  forititd 
by  tbd  meetings  of  these  planes,  prodnce  t}m$^ 
tknm  and  depressions,  h  is  obvidmis  that  a  fl«e^ 
t«ive  wintttely  isteven,  with  considerable  filtsvs^ 
tiens  and  dcprttsions^  becomes  gyannlitp,  md 
ws^  thus  be  ranked unddr  thebeiyid  <tf  Texture.  < 
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CONCHOIDAL. 

In  die  conoboidal  fracture,  one  of  the  .a^Mh 
rated  surfaces  is  coocave  and  the  other  convex. 
It  is  also  not  unusual  for  them  to  be  marked  by 
curved  undulations  more  or  less  paralld,  or^  at 
least,  respecting,  with  greater  or  less  accuracy, 
one  centime* 

The  conchoidal  fracture  varies  in  the  d^^ree 
of  curvature,  or  in  the  depth  of  the  concavity.  It 
also  varies  in  .extent,  or  in  lateral  dimensions. 
Under  these  several  vi^riations,  it  presents  a  great 
divendty  (^aspect 

Occasionally,  two  distinct  concavities  occur ; 
the  one  of  a  smaller  size  and  widiia  the  otiier.; 

A  succession  of  minute  conchoidal  fractures 
produces  an  undulating  sur&ce ;  sometimes  fur* 
ther  becoming  splintery. 

The  three  preceding  fractures  may  be  uailcd, 
pr  they  may  pass  into  each  other  in  various  ways, 
Th^  may  also  be  united  with  one,  or  with  mone 
Hmk  one,  of  the  smaller  vari^rties  that  follow. 
The  peculiar  aq>ect»  sometimes  found  on  t)ka 
^uifaces  (rf*  thesie  larger  fraatures,  are  iiiwtiaQe4 
upder  the  subsequent  beads. 
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Splinter  Y« 

This  iractun  is  comtitiited  by  mtnnte  wedge- 
formed  sealcs,  either  straight  or  curved,  and  ad- 
iienng  by  their  thick  ends  to  the  mass.  As  the 
thin  edge  alone  is  visible,  and  as  it  rs  often  tran»- 
lucent,  the  appearance  is  sometimes  similar  to. 
that  produced  by  mere  scales. 

In  the  laiiger  splintery  fracture,  the  scales  are 
flat,  or  curved,  and  of  considerable  breadth  in 
pnqKNrtkm  to  tbeir  diickness.  Hiis  fracture  ocr 
con,  eqMdally,  in  union  with  tiie  conchoidal. 

The  smaller,  when  the  splinters  are  rety 
narrow,  may  be  attended  by  a  somewhat  fibrous 
aspect ;  when  they  are  thick  and  short,  it  passes 
to  the  gianular;  and  all  then  variations  may  be 
eas^y  eapraned  by  compcHmding  the  terms. 

^  Hackly. 
This  variety  of  fracture  is  rare  in  rocks,  and  is 
chasaeterised  by  the  elrtreme  aq>erity  and  fdiaip^ 
ness  of  the  protruding  parts.  The  transverse 
fiarture  of  loosely  aggr^;ated  fibres  or  scales; 
prodMesa,lMck]yfractinpe.    It  occun  in  some  of 
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It  is  unnecessary  to  do  more  tfian  tMU^  the 
^pwrnlatT)  fibrous,  and  scaly,  fracttiires ;  im  they 
liMSt  be  already  understood  fhom  the  descrtp^m 
of  the  several  textures  to  tvhich  they  belong,  and 
-with  >f  hich  th^  ar6  almost  synonymous. 


i»tf 


..  Theremaintngpcircimistancesby.wfaicfa'n^c^ 
ai?e  diwacterized  are  of  a  misceUaneoQS  oKturc^ 
and  do  not  contain  angr  material  subordhwte 
vwietiest 

HARDNESS. 

The  range  of.  hardness  in  rods  iocctMds  fitofil 
that  of  quartz  to  thatof  chaHc.  To  describe  the 
various  intermediate  degrees  accurately,  is  im- 
possible, nor  is  it  necessary.  A  sufficient  notion 
of  most  of  tbedi  may  be  conveyed,  partly  by  com- 
parison with  those  two  extremes^  wfatdi  Hunt  be 
wdl  known  to  every  one,  and,  portly,  by  stating 
th^  comparative  facility,  with  which  sach  rodai 
yieM  ta  the  point  jof  aioufe,  or  of  other  fimiili^ 
objects.    To  give  fire  with  steel;  is  aa  inaooanM 
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4aft  of  Ittrdnew ;  as  it  depends  in  a  great  mast 
ware  on  the  form  of  the  fingmentsK  and,  oft^ 

^s^so,.  ocean  in  rocks  otfaerwiae  of  very  inferior 
hardnefls  ;  arinng,  in  this  cafe^  iraoi  Ibe  inteq- 
mixture  <^  quartz. 

FRANGIBILITY. 

The  degree  in  which  different  rocks  repi^ 
the  effect  of  a  blow,  is  infinitely  variouf ,  and 
.is  independent  of  their  hardness.  Thus,  ly<|ia9 
stone  cannot^  endure  the  slightest  blow  with;- 
put  breaking;  whereas  potstone  is  di$oiiltly 
broken  by  any  force.  Fortunately  no  te^ica^ 
phraseology  has  been  inyented  tq  ^xpr^  ^eee 
Tariationa,  and  they  may  be  rendered  intelUgibk 
by  comparison  with  known  olgecta,  and  by  th^ 
use  of  common  language. 

It  must  be  recollected,  in  making  such  trials^ 
that  the  power  of  a  hamm^  in  splitting  a  ro0k| 
or  in  detaching  a  fragment,  depends  more  on  iti 
impulse  than  its  weighty  ) 

It  must  also  b^  recoUeQted^  that  the  Ihu^^ 
btt^y  «C  lodks  tjunfls  in  pit^iortt6«  to  tii^  waitei 
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^ey  may  contain ;  and  that»  when  fresh  from 
4he  interior  of  a  mass,  Ihey  are  often  exceedingly 
brittle,  but  become  tough  after  a  few  days  of 
exposmre  to  the  air. 

LUSTRE. 

Under  this  term  is  necessarily  comprised 
even  the  absence  of  all  lustre. 

The  highest  degree  of  lustre  found  in  rocks, 
IS  the  plumbaginous ;  which  occurs  in  some  ar<- 
gillaceous  schists :  it  is  a  term  easily  understood, 
from  the  familiar  nature  of  the  object  of  com- 
parison. Where  there  is  an  absence  of  all  lustre, 
as  in  chalk,  the  appearance  is  called  dull,  or 
earthy.  The  intermediate  d^rees,  as  far  as  it 
is  necessary  to  discriminate  them,  are  not  very 
numerous;  although,  from  passing  into  each 
other,  they  are  not  very  definite.  As  the  techni- 
cal terms  commonly  used  for  this  purpose  are 
unintelligible  without  the  examples,  it  seems  more 
convenient  to  use  the  examples  themselves  in 
tlM  place  of  terms,  or  to  use  adjective  denominap 
tions  derived  from  these.    The  degrees  of  lustre 
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which  may  be  defined  in  this  way^  and  wbick 
seem  sufficient  for  use,  are,  the  plumbagin^MiSy 
die  silky,  the  resinous,  the  vitreous,  the  flinty 
and  the  waxy.  The  four  first  have  been  aheady* 
used  by  mineralogists,  and  are  easily  underatood 
from  the  very  definite  character  of  the  well 
known  objects  from  which  they  are  derived. 
The  lustre  of  commcm  flint  is  inferior  to  tlmt  of 
glass,  and  is  a  convenient  ppint  of  oomparisoii. 
fcNT  some  rocks.  The  lustre  of  v^ax  that  has 
been  melted,  is  still  inferior,  and  occurs  ib  many 
substances.  When  broken,  it  offers  another  con* 
venient  object  of  comparison.  Intermediate^  or 
cwiplicated  kinds  of  lustre,  are  easily  described 
by  the  joint  use  of  some  of  these  terms. 

It  must  be  recollected,    in  estimating  the. 
lustre  of  rocks,  that  it  is  firequently  compIici4ed, . 
or  QMdified  by  the  minute  surfaces  of  tibe  smaller 
vmeties  of  fixture. 

TRANSPARENCY. 

In  the  strict  sense  of  the  word,  this  property 
ift  optfc^nd  in  rocks,  although  it  occurs  in  some 
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iiiiiaiQls*  Hie  finn  edge  of  ai^inter  8Mietkb(M 
trttmnits  light  in  a  slight  degree ;  in  which  case 
it  is  called  translucent. 

ACTION  OF  ACIDS. 

*  The  extrication  of  carbonic  add  from  loeks, 
Vy  ttie.  action  of  dilute  nitrous  or  muriatic  add, 
said  Ibe  greater  or  less  iadlity  wi&  which  it  u^ 
extricated,  sometimes  c^er  convenient  methodic 
of  discriminating  certain  rarieties  of  limestone. 
•. . ,    *  ...'., 

SPECIFIC  GRAVITY. 

The  spedfic  gravity  of  rocks  must  be  dsoec- 
tidned  in  the  usiml  manner,  and  ought  to  be 
staitad  in  describing  a  rock,  where  the  woigfat  is 
ti^  be  mentioned ;  as  vague  comparative  teittis> 
convey  no  ideas  on  this  subject.  Tim  chaMdM*' 
is,  however,  of  little  use  in  the  discrhnination  of 
rocks. 

COLOUR, 
in  coMluding^this  eatek^gue  of  the  «l^4ott9 
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i  hy  whkh  rodcB  vmy  bo  flirtirignirfifia, 
it  18  necessary  to  bestow  a  few  .words  oa  thstt  of 
coloar,  since  it  has  often  been  made  a  ground  of 
c^rtinetioo.  It  is,  howeTer,  generidly  aa  em- 
pirical, and,  frequendj,  «  iallaciouB  criterion:of: 
Ae  nature  of  a  rock.  In  the  case  .of  mixed, 
rodcs,  it  sometimes  ftcilitates  the  invtotigatiott  o£ 
the  different  aolMtancM  which .  enter  into  ib& 
oompgsition ;   but,  beings  subject  to  Tsry,  it  fr«*, 

"^  qiMMtly  deceives,:  by  its  changes  or  its  absenot, 
Umae  wfaahane  been  accustimied  to  rdy  on  it. 
ki  some  instances,  it  appears  to  have  mii^ 
many  obserr^rs  reqieoting  the  true  nature  df  a 
rock,  so  tt  to  hare  prodin^ed  much  coaftm^n.;; 
its  obvious  natore  encouraging  a  careless  mo4e: 
of  axaimnation,  and  taking  off  the  aMention 
ffom  tfie  more  obscnre,  bnt  more  essential  ck*: 
fMintnnrf.H,  in  which  the  distinction  oonsiala*. 
19ie<hfiereiit  sohslances  ranged  under  the  term 
basalt,  and  the  occasional  confounding  of  the; 
plimary  and  seooodary  sandstones,    in   conse-. 

'  licence  ctf  ttw  red  colour  of  both,  will  illustrate 
tUs  latter  ranark.  Gneiss,  will  illustrsrte  tb> 
former ;.  beiiig  often  oonfounded  with;  micaeeotts: 
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adust,  whai  the  febpar  is  white  so  as  to  be  mis* 
taken  for  quartz. 

Circumstances  wfaich  have  neither  constancy 
nor  precision,  can  have  no  value  as  distiui^tive 
characters.  The  colours  of  rocks,  therefore,  • 
npust  only  be  considered  as  adventitious  and 
variable  features.  But,  as  constituting  a  portion 
of  th^  natui^  history  of  these  substances,  and 
being  often  yery  conspicuous  and  omamentaJ, 
they  deserve  attention.  This  is  more  particu- 
larly the  case  where,  as  in  marble,  rodoa  are 
used  for  the  purposes  of  ornament,  and  where 
the  very  species  (in  an  oeconomical  sense)  are  com** 
stituted  by  modifications  of  colour. 

Hence,  in  the  following  catalc^e  of  rocks, 
the  colours  are  enuknerated  among  those  inferior 
distinctions  which  do  not  aspire  even  to  the 
rank  of  varieties.  But  as  language  has  no  tenqs 
by  which  to  convey  ideas  of  the  innumerable 
tints  by  which  the  pure  colours  are  modified^ 
this  enumeration  has  been  made  in  die  most 
general  manner ;  and,  it  may  be  added,  widbt 
very  little  anxiety  to  render  it  complete.    It  is 
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no  small  addition  to  the  evils  of  a  cumbrous 
technology  of  colourings  that  its  inefficacy  is 
equal  to  its  deformity. 

Except  in  a  few  instances,  as  in  the  jaspers^ 
the  limestones,  and  serpentine,  the  colours  of 
rocks  are  rarely  pure,  or  decided.  The  etfect  of 
brilliancy,  where  it  exists,  is  more  commonly  the 
result  of  gradation  or  contrast.  Broken  tints 
prevail ;  and,  among  them,  the  endless  modifica- 
tions of  grey  are  the  most  abundant. 

It  is  almost  unnecessary  to  remark,  that  dif- 
ferent colours  are  frequently  intermixed  in  rocks ; 
ftat  appearance  sometimes  occurring  in  a  homo* 
geneous  substance ;  at  othm^,  depending  on  the 
dtfl^rent  tints  of  several  substances  variously 
united  into  one  mass. 

In  the  greater  number  of  rocks,  the  ^colours, 
imder  all  their  variations,  have  been  found  to 
rtsult  from  the  presence  of  iron  in  difierent  con- 
ditions. 
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CHAP.   X. 

REMARl^S  ON  THE  COMPOSITION  OF  ROCKfT, 
WITH  A  CATALOGUE  OF  THE  SIMPLE  MINB^ 
R\LS    OF   WHICH    THEY   ARE    COMPOSED. 

It  has  already  beat  KBMtrked)  tliat  the  lamih 
ledge  of  minerals  in  their  simple  state»  is  an  iish 
dispemible  requisite  in  the  inwsfeigation.of  rocks. 
It  is  also  necessary  that'  thia  knowledge  shomM 
not  be  limited  to  mere  experience  respectiag  Urn 
wspect  of  such  minerafe  in  dieir  ttost  simple 
and  perfect  forms.  The  student  mnsrbe.ahU^ 
to  recognize  iban  by  theic  ^essential  diwadrai^ 
even  when  under  their  moat  irr^r*^  modifica- 
tions ;  ofken,  when  very  minate^oriwhieD  iatfUi 
mixed  and  confounded  with  others,,  or-  vthm 
obscured^  by  unexperienced  variations  of  fi^huib 
It  is  true  that  the  number  of  minerals  enter- 
ing into  the  composition  of  rocks,  is  so  small, 
that  a  veiy  limited  acquaintance  with  the  cata- 
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logae  would  answer  his  porp^sM ;'  were  it  po»> 

tabit  for  hin  to  tcquire  that  accurate  knowledge 

of  a  few,  witlioQt  a  fttmiliartty  with  tboee  general 

prmcipkB  of  dtetitiotion  ifhkh  would  etfcMf 

enable  him  to  master  the  whole  of  his  mibjecti 

To  pi^ve  fhe  necessity  of  this  knowledge,  it  iis    ^ 

sufficient  to  point  out  Augit  roek  and  Hypers^ 

^ene  roek ;    hitherto  confbundecl  with  Green- 

stoOifts,  fbr  want  of  attention  to  those  ehataeteM 

by  wbidh  the  minerals  whence  they  derive  thelf 

mmen  are    distinguished    from    Hornblende. 

Sten  now,  when  Hhn  existence  of  these  rock»  has 

been  ascertained,  the  siodent  has  no  meams  of 

rftognizing  them  except  by  the  distinctive  cha^ 

rscasM  of  the  two  ntf neritls  in  question.      Iti 

eferf  case  of  mixed  rocks,  indeed,  he  most  harve 

recifiime  to  his  miinemlogicd  knowledge  t  as  it 

19  only  by  an  eii«m«rMion  of  ^e  in)gredienti 

Aat  fit  is  possiMeto  describe  thteiii* 

IMiberalogista  have  sometimes  divided  rockn 
istb  two  gi^t  dfassts;  the  simple  and  the  oom^ 
pcmnd.  AotOfditag  to*  the  geological  prkicipleft 
ob  nvWeh^  the:  isresmt  sonangement  is^  ibonded; 
wmA  a'diBlinciidn  is  sdd(»fa  ai^ttdMe,  as  already 
dmmnjy  to  any"  pnrpcMe  but  thait  of  denbtin^ 
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varieties.  '  Even  dkere^  ittf  use  is  ybty  limtteif ; 
as/  id  a  t^  short  spAce,  or  in  a  bum  of  vet^F 
in  considevaMe  extent,  the  structure  teay  bet)otfi 
ilimple  and  cMnpeund.  It  tbub  beoomte  in^ 
pable  of  being  applied  even  to  the  sptdmens 
in  a  cabinet ;  much  less  i»  it  fitted  te  fonn  the 
basis  of  an  arrangement. 

There  are  however  a  few  rocks;  such  as  liflM^ 
stone,  characterized  by  an  absolute  simplicity  of 
composition,  or  consisting  of  one  acknowledged 
mineral  species.  Others,  like  clay  slate,  {Hn^sent 
a  comparative  degree  of  simplicity;  possessifig 
an  uniform  compomtion,  and  having  been 
ranked,  although  not  very  properly,  amoqg 
mineral  species.  The  frequent  devii^ons  of 
these  from  the  simple  standard,  serves  to  prove 
that  the  ibtegrant  earths  are  radier  in  a  staMof 
mixture  than  hi  that  combination  which  is  pro* 
bably  essential  tb  a  ioineral  species.  If  tone- 
ralogists  have  fi^uently  enumerated  such  rocks 
in  their  catalogues  of  minerals,  the  practice, 
though  inaccurate,  is  attended  with  som^  eon- 
vedience;  as,  in  such  a  case,  it  is  preferable  to 
'  err  by  excesi^  than  by  defect.  That  eimmen^en 
Jiis,  however,  in  some  instanbes,  been  unwamolt- 
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•aUy  ejLteo4dA  to  rodoi  obviously  compoiwded, 
bttuoimoiiB  liflMfltone,  «hale»  and  chlorite 
In  hen  ennieniing,  for  the  purpose  of 
Ibe  following  -catdtfoe,  the  minerab  which 
CBtar,  aiiagl|r  or  joiDtlyy  into,  the  >  composition 
#f  Moks,  these  most  obTioosly  compounded  sub- 
stances have  been  omitted;  but  the  list  is  ex^ 
tended  to  those  which  present,  at  leasts  the 
appeanuice  of  simplicity. 

In  the  catalogue  of  varieties  which  aocom- 
panies  each  princ^Ml  rock  in  the  Synopses,  it 
hatibeenattemptedy  as  already  indicated,  to  se- 
pwate  those  t>f  which  the  characters  are  most 
constant,  from  those  which  seem  the  most  purely 
accidental,  and  which  derive  their  peculiarities 
fmn  containing  imbedded  minerals  that  are 
foreign  to  l!he  prevailing  composition  of  the 
^lecies.  If  this  distinction  cannot  be  rendered 
'very  precise  or  certain,  it  is  neverlbeless  ccm* 
T^ent ;  and,  in  fte  'for  greater  number  of  in* 
staBces,  wcH  founded.  In  the  catalogue  of  the 
campnnnit  minerals  which  here  follows^  the  dif- 
tereat  sobrtaaces  are,  inihe.same  vmy,  separated 
into  twodivisicms ;  tfa^  <mw  containing  those  that 
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seem  pffqwrly  to  hdeng  to  the  composilien  of 
rock0»  and  the  othdr  cooipriBiDg  thoM  whteb^ 
appear  to  be  merely  im^fdeDtal.  Such  mineral 
silhstances  must,  in  these  cases,  be  considered  at 
being  accidentally  accumulated  in  partipnbr 
plaees  in  those  rocks  which  are  their  natural 
r^ositories* 


Catalogue  of  the  Minerals  which  enter  into  the 
Composition  of  Rocks. 

INDURATED    CLAY. 

This  is  a  substance  of  great  importance  in 
the  composition  of  rocks ;  forming  the  whole  of 
some,  and  a  principal  portion  of  many  others. 
The  chief  variations  which  it  presents  are  in 
th^  degree  of  induratio9,  and  in  the  massive  or 
achistose  nature  p(  its  structure.  It  is  here  im^ 
derstpod  to  cpn^rise  the  sqilest  substaAoea  found 
in  the  rocks  of  the  trap  faqi^Iy,  and  the  hardes<> 
w^;)b  constitutes:  jajper  ^  silifemi.  schi^tt 

CLINKSTOKB. 

This  substance  forms  simple  rocks^  and  is 
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afao  an  ingrecBeiit  in  Moie  ^  the  compooods  of 
the  £iiiii^  €&  a?eiiyiiig  rocka»  to  which  it  appears 
to  be  limited. 


COMPACT   FfiL9PAR« 

This  mineral,  not  always  very  strongly  dis- 
tinguished from  the  former,  is  found  in  a  similar 
manner ;  either  simple,  or  entering  idto  a  great 
number  of  rery  important  and  extensire  com^ 
fK>und  rocks*  It  probably  possesMi  some  varietf 
of  composition  which  has  not  yet  been  ascer^- 
tained*  It  is  further  certain  that  it  difiblti  ih>m 
crystallkted,  or  common  felspar,  in  its  chemical 
nature ;  the  specimens  hitherto  examined  having 
been  found  to  contain  soda  together  with  potash, 
when  common  felspar  contains  potash  alone. 
It  is  a  subject  yet  deserving  the  attention  of 
chemists,  to  enquire  whether,  instead  of  these 
alkalies,  lithion  may  not  enter  into  the  compo- 
sition of  some  of  the  minerals  in  question. 
Whenever  the  true  nature  of  compact  felspar 
shall  be  decidedly  ascertained,  it  would  conduce 
to  pen^uity  if  it  were  dirtintminhrd  by  0ome 
otlier  title. 
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This  well  known  nuneral  is  by  fiur  the  most 
important  in  the  composition  of  rocks ;  entering 
into  a  greater  number  than  any  other,  and  form- 
ing a  considerable  proportion  of  most  of  those  in 
which  it  is  an  ingredient. 

F£LSPAR. 

Two  varieties  of  felspar,  ihe  common  and 
the  glassy,  are  found  ia.many  of  the  compound 
rocks ;  but  the  former  in  much  greater  abun- 
dance than  thelatter*  An  opaque  kind,  which 
sometimes  also  occurs,  appears  to  haye  been  thu9 
changed  by  an  incipient  decomposition. 

CARBONAT    OF   LIME. 

This  substance,  sometimes  pure,  but  more 
commonly  in  a  state  of  intimate  mixture  with 
other  earths,  19  so  welj  kQown  as  the  basis  of 
limestone  that  it  requires  no  particular  notice. 
It  is  very  rarely  found  entering,  as  an  ingredient, 
into  mixed  rocks. 

M*CA 

Forms  an  important  and  cons[Hciioi|s  ingre* 
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dieat  in  a  krge  chas  of  oompomid  rocks,  chiefly 
bdofl^og  to  the  primary  divinon..     . 

CHLORITB,   (fOLIATJSD). 

This  is  less  common,  and  is  fomid  mider 
similar  circumstances^ 

TALC 

Most  be  considered  as  a  rare  ingredient,  and 
IS  limited  to  a  very  few  rocks. 

HORNBLBUDS. 

Hornblende,  eidier  simple,  or  in  a  state  of 
mixtore  with  other  minerals,  is  among  the  most 
conqHcuoQS  ingredients  of  rocks. 

actiiiolitb; 
This  mineral,  so  neariy  allied  to  the  precede- 
ing,  is£>und  insome  of  the  same  situations,  but 
must  be  considered  as  a  rare  ingredient 

AUOIT.      BTPBRSTHBlfB.      DIALIJkGB. 
TOUBMALIK. 

These  minerals  are  limited  to  some  peculiar 
rocks,  and  the  three  latter,  in  particular,  must  be 
considered  rare. 


Digitized  by 


Google 


SBRPEMTINB. 

Mineralogical  writers  have  enumerated  this 
in  their  catalogues  of  minerals^  but  it  is  only 
known  as  forming  simple  masses  of  rock.  It 
does  not  enter  into  mixed  rocks  unless  with 
limestone :  supposing  the  conglomerates  to  be  ex- 
cluded from  lliis  term. 

STEATITB 

Is  not  a  common  ingredient,  and  is  nearly 
limited  to  serpentine  and  limestone.  In  granite 
it  rather  seems  accidental  than  essditial. 

N03LE   SKRPENTINE 

Occurs  in  similar  situations  with  the  former ; 
to  which  it  is  very  neariy  allied, 

GYPSUM. 

This  is  found  only  in  Gypsum,  which  has  been 
here  enumerated  among  the  rocks. 

IRON, 

This  metal  deserves  to  be  enumerated  among 
tke  coDStitUientB  of  rocks,  on  account  of  the  quan- 
tity in  which  it  sometimes  enters  into  their  com- 
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position,  and  the  dkcto  which  it  prodQcet  in 
modifying  their  ebara€ter9.  It  appears  to  exist 
in  at  least  four  distinct  assignable  states,  that  of 
Iht  peroscide,  the  protoxide,  the  carbonat,  and 
tfiat  combination  of  the  carbonat  with  water  which 
forms  rust. 

BITUMEN. 

This  must  aho  be  considered  as  a  constituent 
of  some  rpcks,  firom  the  remarkable  character 
whidi  it  comipuaicalfs  where  it  is  found. 

FITCHSTONB 

Is  only  found  in  the  rocks  of  the  same  name. 

CHBRT. 

This  also  occurs  only  in  the  rock  which  is 
bfi^  designated  by  the  same  term.  The  Horn- 
stone  dmany  authora  is  oompact  felspar. 
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Catalogue  of  the  minerals  which  are  occasionally 
imbedded  in  rocks^  so  as  sometimes  to  modify 
the  characters  of  the  mixtures  in  which  they 
are  found. 


GarneU 

ChrysoberyL 

Olmn. 

Flaor  spar. 

Cyanite* 

Corandimu 

Finite. 

Oxydoloqa  iron. 

Spodumene* 

Pyrites. 

Chiastolite. 

Chromat  of  Iron. 

Stevrotide. 

Prehnite. 

Epidote. 

Andalosite. 

MeBotype. 

Apatite. 

Zirooii. 

Sphene. 

Topaz. 

OxydeofTin. 

BeryL 

Molybdena. 

In  this  list,  and  in  each  division,  the  minerals 
placed  towards  the  end,  become  gradually  so  rare^ 
that  they  can  scarcely  be  said  to  modify  the  ikq^ect 
of  the  rocks,  as  those  do  which  are  found  at  the 
beginning.  Besides  these,  many  other  minerals 
also,  are  found  in  rocks ;  generally  very  sparingly 
dispersed,  and  sometimes  occupying  short  veins 
rather  than  imbedded  in  the  general  composition, 
bappeared  preferable  to  enumerate  these  under 


Digitized  by 


Google 


m 

the  titles  of  the  several  rocks  which  are  their  ns- 
tural  repositories ;  as  this  catalogue  might  othw- 
wise  have  been  so  extended  as  to  comprise  the 
greater  number  of  niineral  substances*  Those 
also  which  form  amygdaloidal  nodules,  will  be 
found  more  conyeniently  numerated  in  their  ap- 
propriale  places. 
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CBAP.XI. 


BNUHBRATION  OP  THE  SETERAL  ROCESy  AR- 
RANGED UNDER  THE  DIFFERENT  MINERALS 
WHICH  ENTER  INTO  THEIR  COMPOSITION. 

In  this  chapter,  the  several  minerals  enumerated 
in  the  preceding,  as  essential  to  the  composition 
of  rocks,  are  introduced,  for  the  purpose  of  ar* 
ranging  under  them  all  the  rocks  in  which  such 
minerals  are  severally  found. 

This  enumeration  will  assist  the  student  in 
discovering  the  place  of  any  rock  of  which  the 
name  is  unknown  to  him.  It  being  already  pre- 
sumed that  he  is  able  to  distinguish  the  com- 
ponent minerals,  his  researches  among  the  fami- 
lies of  rocks  will  thus  be  limited  within  certain 
i>ounds ;  as,  the  presence  of  any  one  simple  sub- 
stance in  a  specimen,  will  direct  him  to  those  in 
which  alone  it  exists. 
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linWRATBB   CLAT. 

In  ClayttoDeft :  not  sdiistose.  Argillaceous  8cfat«tt» 

Some  Porphyry  and  Amyg-  Shales* 

daloid.  Limestones:  in  both 
Basalt  (of  some):  when  dark  classes. 

and  hard. 

CLINKSTONE. 
As  a  simple  rock:   also  p<Nrphyritic  and  amygdaloidaU 

COMPACT    FELSPAR. 

Simple,  both  ia  the  primary  and  secondary  classes. 

In  Gneiss.  In  Greenstones* 
Porphyries.  Angil  mdk. 

Amygdaloids.  HyperstiwM  rode. 

Syenites.  GQuiito:  raroiy. 

QUARTZ. 

In  Qoartz  roclu  In  Argillaceous  schist. 
Granite/  Sandstones,     in     belli 

Gneiss*  dssses.  '  / 

Mtcacee«s  sdiist  Porphyries* 

Chlorite  sdnst.  Syenites    and.    Ctoen* 

Talcose  schist.  stanes:  ranely. 

FELSPAR. 

Id  Granite.  In  Hombfcnd^schist 

Gneiss.  Aotinolite  schist. 

Chlorite  schist.  Quartz  rocd. 
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Id  Primary  sandstone.  In  Syenites* 

Lowest  (red)  sandstone ;  Porphyries. 

rarely.  Porphyritic  pitchstone. 
Greenstones. 

CARBONAT  OF  LIME. 

In  Limestones:    in   both  In  Sandstones :    in    both 
classes.  classes. 

Micaceous  schist  and         Amygdaloids  : 
ffneiss :  rarely.  imbedded. 


MICA* 


In  Granite. 
Gneiss. 

Ificaeeous  schist. 
Qnartzrodc. 
Sandstones: 

occasionally. 
Sbale:  occasionally. 


In  Limestone,    primary ; 

rarely. 
Claystones  and  Green^ 

stones:  rarely. 
Syenite:  rarely. 
Porphyries.. 


CHLORITE   (foliated.) 


In  the  Chlorite  schists. 
Gneiss;  some  anomalous 

yarieties. 
Granite:  in  the  same  cir- 

cnmstances. 


actinolite 


In     some 

schistsr 
In   some  argillaceootf 

schists. 


talc. 


InlUcosesdiist. 

Primary     limestone : 

rareiy* 


In  Serpentine* 
Granite:  rarely. 
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HORNBLENDE. 

la  Granite.  In  Serpentine ;  rarely. 

Gneiss.  •    Syenite* 

Hornblende  schist.  Greenstone. 

Micaceous  schist;  rarely.  Basalt. 

Argillaceous     schist ;  Porphyries. 

rarely.  Chlorite  and  actinolite 

Primary    Limestone;  schists;    some  ra- 

rarely.  rieties. 

▲CTINOLITE. 

In  Actinolite  schist.       In  Gneiss  and  granite :  rarely. 
▲UOIT. 

In  Angit  rock.  Some  varieties  of  Syenite. 

HTPERSTHBNE. 

In  Hypersthene  rock. 

DIALLAOE. 

In  Serpentine.    In  Diallage  rock  and  Smaragdite  rock* 

tourmalin:  and  schorl. 

In  Schorl  rock  (Granite  f)        In  Micaceous  schist  and 

Gneiss:  rai^Iy. 

SERPENTINE :   COMMON  AND  NORLE. 

In  Serpentine.  In  some  limestones. 
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STEATITB. 

In  Serpeatine.  In  Limestone* 

Granijte:  rarely. 

BITUMEN. 

In  Shale.  In  Marie  slate. 

Limestone :  primary  and 
secondary. 

PITCHSTONE. 

InPitohstone;  pearlstone;  porphyritic  pitohstone. 

CHERT. 
In  Chert :  only. 

It  is  obvious,  that  a&  the  conglomerates  par* 
take  of  the  different  natures  of  the  .rocks  of  which 
th^  are  formed,  their  constituent  parts  must  be 
separately  investigat^j. 
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CHAP.  XIL 

REMARKS  ON  THE  ASSOCIATIONS  AND  TRANSI- 
TIONS WHICH  OCCUR  IN  NATURE  BETWEEN 
6BTERAL  DIFFERENT  SPECIES,  OR  FAMILIES, 
OF   ROCKS. 

DsFORB  proceeding  to  describe  the  general 
charactera  of  theiamilies  of  rocks,  which  is  the 
suliject  of  the  ensuiDg  chapter,  it  is  necessary  to 
call  the  reader^s  attention  to  a  circumertance 
which  is  a  frequent  source  of  uncertainty  in 
$ttemptiug  to  assign  the  names  to  the  individuals, 
or  varieties,  ranked  under  them.  It  has  equally 
be^n  a  source  of  difficulty  in  arranging  these  in 
die  several  synopses,  and  has  led  to  the  inevitable 
repetition  of  many  of  them  under  different  titles. 
The  circumstance  in  question,  is  the  tran- 
sition, which,  in  the  mixed  or  compound  rocks, 
in  pardcuhu*,  so  often  occurs,  not  only  between 
the  several  varieties  of  each  &mily,  but  even  be- 
tween the  families  themselves;  in  consequence 
N  2 
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of  the  gradual  variation  of  character,  or  else 
of  the  ultimate  less  of  one,  or  more,  of  the  in- 
gredients which  constitute  the  distinction.  The 
instance  of  gneiss,  which,  in  losing  its  felspar, 
becomes  micaceous  schist,  and  of  shale,  which, 
by  an  increase  of  its  hardness,  becomes  siliceous 
'  schist,  will  explain  the  nature  of  these  transitions 
among  the  families  of  rocks. 

Where  the  transition  is  thus  completed,  as  in 
these  two  instances,  there  is  no  longer  any  diffi- 
culty ;  as  the  specimen  can  be  referred  to  its 
proper  place.  But,  in  (he  gradual  change  of 
character  which  precedes  the  perfect  transition, 
Jt  becomes  often  impossible  to  determine  where 
such  a  rock  should  be  placi^d ;  unless  when  de- 
cided geological  evidence  can  be  obtained,  to 
confirm  that  which  remained  doubtful  from  its 
.mineral  characters. 

This  difficulty,  however,  is  a  part  of  the  very 
nature  of  the  subject ;  since  ho  arrangement 
can  pretend  to  define  and  separate .  those  objects 
which  the  hiand  of  nature  has  neither  defined  nor 
separated. 
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As  these  transitioDS  thus  constitute  an  im^ 
portant  part  of  the  natural  history  of  rocks,  and, 
more  especially,  of  that  branch  of  geological 
science  to  which  the  remarks  in  this  work  are 
limited,  it  will  be  useful  .to  place  in  a  brief 
and  comprehensive  statement,  the  seveml  rocks 
among  which  they  are  most  frequent,  ahhougfa 
ihese  circumstances  are  necessarily  noticed  in  the 
preliminary  remarks  to  each  fiunily.  The  learner 
will  thus  the  more  readily  know  where  be  may 
expect  to  find  these  uncertainties,  and  cease  to 
suspect  his  own  want  of  accuracy  and  discern- 
ment, where  neither  care  nor  acuteness  can  avail 
him. 

It  will  also  foe  found,  that  this  gradation  of 
character  among  the  families  of  rocks,  occurs, 
especially,  in  those  cases  where  a  prevailing  as* 
•ociation,  either  of  sequence  or  of  alternation, 
«ists  among  certain  kinds,  whethar  of  stratified 
w  unstratified  substances. 

For  this  reason,  it  is  also  proper  to  give  a 
general  view  of  these  prevailing  associations :  a 
view  otherwise  necessary,  as  these  affinities  also, 
constitute  an  interesting  part  of  the  natural  his^ 
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tory  of  rocks.  That  sketch  must,  however,  be 
brief;  as  an  attempt  to  make  it  full,  would  en- 
croach on  that  which  is  the  more  especial  province 
of  a  system  of  geology,  and  is  partly  rendered 
unnecessary  by  the  remarks  which  precede  the 
Synopsis  of  each  family* 


Granite,  as  remarked  in  another  place,  is 
found  in  contact  with  all  the  primary  strata; 
and,  in  some  of  these  cases,  a  gradation  of  charac- 
ter is  to  be  seen  at  the  plac6  of  junction. 

In  the  instance  of  gneiss,  so  accurately  re- 
sembling that  rock  in  composition,  this  gradation 
is  perfect ;  and  thus,  the  strata  of  gneiss  are  often, 
when  in  contact  with  granite,  not  to  be  distin- 
guished from  it. 

Where  granite  is  in  contact  with  micaceow 
schist,  this  substance  also  often  loses  its  character 
fora  short  space,  by  the  acquisition  of  felspar:  but 
asthe  resulting  compound  is  gneiss,  the  transitimi, 
in  this  case,  takes  place  through  the  medium  (rf 
that  rock.  In  this  instance.  Geologists  have 
e6ax  imi^ned  the  whole  series;  to  otasist  of 
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KDdMB,  when  a  more  accurate  examinatkni  would 
hK¥t  cfeco¥€red  itis  true  nature. 

In  the  contact  of  granite  with  quartz  rock,  the 
latter  son^times  assumes  a  highly  crystalline 
aq[>ect;  and  where  the  quartz  rock  contains  fel* 
qpar,  it  thus  becomes  impossible  to  distinguish 
the  two,  or  a  perfect  gradation  of  character  is 
fimnd. 

When  granite  is  immediately  followed  by 
hornblende  schist,  it  happens,  in  the  same  man- 
ner,  that  the  character  of  the  latter  becomes  nrare 
decidedly  granitic :  it  may  more  properly,  indeed, 
be  said  to  become  gneiss ;  and,  as  the  granite,  in 
^ese  cases,  always  contains  hornblende,  the  same 
transition  takes  place  here  as  in  the  contact  pf 
gruiite  with  other  varieties  of  gneiss. 

The  differences  in  the  charact^s  of  granite 
and  aiigtllaceous  schist  are  so  great,  thaf  no  real 
transition  can  exist  between  them.  Yet,  where 
diey  have  been  found  in  contact,  it  has  been  ob« 
serred  that  the  schist  was  intermingled  both  with 
qotftai  and  with  hhpm^  so  as  to  lose  its  peculiar 
cfaaraeter  and  pass  into  a  vmriety  of  gneiss  enume- 
rated in  the  synopsis  Of  that  rock« 
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It  is  unDecessary  to  describe  the  tranftiticms  of 
granite  into  the  porphyries,  greenstones,  and 
basalts  of  the  secondary  unstratified  rocks;  as 
these  are  the  consequences  of  affinity,  not  of  con- 
tact,  and  are  fully  detailed  elsewhere. 


Among  the  stratified  rocks,  one  of  the  most 
prevailing  associations  is  that  of  gneiss  with  horn- 
blende schist.  Between  these  two  substances, 
the  gradation  is  so  frequent,  and  often  so  perfect, 
that  numerous  examples  are  ^perpetually  occur- 
ring, which  may,  with  equal  propriety,  be  re- 
ferred to  either. 

The  association  of  gneiss  with  micaceous 
schist  is  also  very  common ;  and  in  this  case, 
when  the  felspar,  or  the  hornblende,  of  the  for- 
mer, becomes  very  scanty,  the  rock,  although,  in 
a  rigid  sense,  still  appertaining  to  gneiss,  cannot, 
wfitbout  great  care^  be^distioguished  from  mica* 
ceous  schist* 

In  Scotland,  at  least,  the  association  of  gneiss 
and  quartz  rock  is  more  conmion  than  the  pre<* 
ceding;  and  the  gradation  here,  is  not  onlyfre* 
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quent  and  perfect,  but  is  effected  with  great  fad* 
Ittjr  by  the  loss,  either  of  the  .mica,,  or  of  the  fd^ 
spar,  or  of  both. 

Of  a  gradation  between  gneiss  and  primary 
sandstone,  the  island  of  Sky  affords  a.Tcry  per- 
fect example:  and  it  is  a  highly  interesting  in* 
stance,  as  the  latter  is,  in  a  great  d^ree,  a  rock  of 
a  decidedly  mechanical  structure.  The  process 
by  which  the  change  is  effected,  is  the  gradual 
substitution,  first  of  chlorite  schist, and  ultimately 
of  mica,  for  the  argillaceous  schist  which  alter- 
nates with  the  layers  of  sandstone ;  which,  at  the 
same  time,  become  gradually  thinner,  more  in- 
definite, and  more  perfectly  cystalline.  The  two 
rocks  are,  in  other  places,  often  associated  in  fir^ 
quent  alternation. 

Hie  gradation  above-mentioned,  includes 
that  of  gneiss  into  chlorite  schist;  which  also 
occurs  in  other  situations,  producing  interme^* 
diate  Tsoieties  that  are  enumerated  in  their  proper^ 
places. 

A  gradation  between  gneiss  and  argillaceous 
schist,  is  not  uncommon  in  Scotland ;  and,  as 
snigfatbe  expected^  this  change  takes  place  where 
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tbe  two  rocks  are  found,  as  k  not 
in  alternation.    The  variety  of  gneisB  thus  pro- 
duced, is  described  in  its  proper  place. 


Indqiendentty  of  the  association  which  micsp 
eeom  schist  forms  with  gneiss,  it  is  intermixed 
with,  and  passes,  by  similarly  easy  gradations, 
into  the  following  rocks. 

Witii  quarts  rock  it  is  so  frequently  assodatfidt 
and  in  beds  90  thin,  that  the  two  cannot  be  diih 
tinguidied  in  llie  general  descriptions  of  a  tract  of 
country^  As  tl^  ingredients  of  one  of  the  leadi- 
tng  varieties  of  quartz  rodc^  are  the  same  as  those 
which  constitute  the  ^tsenttai  character  of  miea^> 
ceous  schist,  it  reqmres  only  a  chan^  of  pfopop- 
tion  to  conv^  die  former  into  the  latter,  cnrthe 
reverse;  and  that  change  is  ef  suoh^firequent  oc* 
currence,  as  to  produce  endless  examples  where 
neiiher  term  is  more  apfiUcable  than  the  other. 

Where  talcose  schist  occurs  in  union  with 
micaceous  achist,  as  it  sometififees  does,  there  ia 
frequently  an  indefinite  transition  between  <he 
two;  the  mica,  either  8upei!te4faig^  talc  ik  tbe 
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llieodier. 

The  pwmge  from  micaceous  schist  to  c^orito 
scbist  is  eflfectedVith  eqml  ftcSity ;  as  the  am- 
stituent  minerals  of  both  are  so  nearly  allied :  and 
llml  passage  is  no  ksB  comnion  than  » the  associa- 
tkm  between  these  two  rocks. 

It  is  more  rare  to  oiMierve  transiticms  between 
micaceoQs  and  argillaceous  schists.  Yet  they 
oocnr  in  seireral  parts  of  Scotland,  both  between 
tbe  fine  and  the  coarse  varieties,  respectively,  of 
eaeh  rock.  But  the  association  in  position  be- 
tween the  two,  is  ranch  more  frequent  than  the 
tranfttion;  m  it  n  most  usoal  for  them  to  be 
separated  by  a  ckfiniie  bomdary. 

instuiees  of  a  decided  transition  between 
micaoeooB  schist  and  hornblende  schist,  are  rare, 
when  compared  to  those  that  have  been  described 
^boffe.  They  occur  in  those  cases  where  mica- 
eeons  schist  is  found  to  contain  hornblende ;  and 
the  two  rocks  are  not  unfrequently  united  in  al- 
ternation, without  any  absolute  tramition. 
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Besides  the  common  association  of  qctwrtz 
rock  above  mentioned,  it  is  frequently  found 
alternating  with  the  primary  sandstone.  The 
fiicility  with  which  two  rocks,  so  nearly  allied, 
may  pass  into  each  other,  is  such  as  to  render  it 
almost  superfluous  to  say  that  the  transition  is  of 
frequent  occurrence. 

Although  quartz  rock  is,  in  many  of  the 
Scottish  isles,  found  alternating  with  alliaceous 
schist,  the  differences  of  character  are  so  great, 
that  a  transition  could  scarcely  be  expected.  Yet 
it  takes  place  with  great  £atcility  Ihrough  the  in- 
tervention of  the  coarser  varieties  of  both  rocks. 
The  former  first  acquires  fragments  of  schist,  or 
else  the  quartz  becomes  intermixed  with  schistose 
clay,  which,  gradually  predominating,  that  mine- 
ral is  at  length  excluded.  A  minutely  laminar 
intermixture  of  the  two  is  also  occasionally  found, 
of  such  a  nature  as  to  constitute  an  imperfect 
transition. 
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HornMende  schist,  independently  of  its  tran-^ 
^ons  formerly  noticed,  is  also  found,  in  some 
situations,  to  pass  into  clay  slate,  or  fine  argilla- 
eeous  schist;  although  I  have  not  observed  any 
instdnce  of  a  decided  alternation  or  association  of 
distinct  beds  of  those  two  rocks.  In  this  case, 
the  change  from  the  hornblende  into  the  schistose 
clay  of  slate,  seems  to  be  effected  very  gradually, 
and  with  great  facility.  An  example  of  this  na- 
ture occurs  in  Rossshire.  As  a  converse  to  this 
case,  it  may  also  be  stated,  that  argillaceous  schist 
stometimes  becomes  partially,  but  gradually  also, 
converted  intD  hornblende  schist  when  in  the 
vicinity  of  granite  or  of  the  trap  rocks. 

In  some  of  the  Western  Isles  of  Scotland, 
(here  is  an  alternation  between  chlorite  schist  and 
hornblende  schist,  of  a  very  remai*kable  nature, 
and  accompanied,  also,  by  other  strata,  such  as 
quartz  rock  and  micaceous  schist.  In  some  parts 
of  this  series,  there  is  an  imperfect  gradation  be« 
tween  die  two  former  rocks ;  produced  by  an  in- 
termixture of  hornblende  in  the  chlorite  schist, 
at  length  predominating  so  far  as  to  exclude  it. 


Digitized  by 


Google 


190 

With  reipect  to  the  argiUaceonft  achists,  it  is 
only  necessary  to  mentioo  two  more  of  the  asso- 
eiatioDS  and  transitioas  which  they  display.  The 
£ner  kinds  sometimes  pass  into  chlorite  schist 
where  they  occur  in  ccmipany  with  that  rick. 
TThe  coarser  often  alternate  with  the  prtmwy 
sandstone ;  and  they  pass  into  it  by  agradoal  in^ 
crease  of  the  quartz,  and  a  loss  of  the  day^  in 
their  composition. 

The  last  transitions  in  the  primary  class  tiiat 
remain  to  be  noticed,  are  those  of  sapenti^e^ 
This  rock  is  occanonally  associated  with  bom^ 
blende  schist,  in  which  case  it  sometimes  passes 
into  that  rock  by  an  impa-ceptible  gradation^ 
It  seems  also,  in  some  rare  instances,  to  pass 
into  the  basalt  or  greenstone  of  the  oTerlyiog 
family ;  a  transition  which,  perhaps,  would  hawe 
been  more  properly  described  in  the  secondary 
class* 


The  very  limited  number  of  the  rocks  &at 
belong  to  the  secondary  class,  leaves  but  little  to 
say  on  the  subject  of  the  transitions  which  occur 
among  them. 
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hk  ttie  flinlified  rocks,  as  thesandsftQiiei,  both 
Ted,  and  white,  are  fovnd  altematiBg  wUh  tbe 
sbales,  so  they  pass  into  them  by  gradations 
similar  to  thosc^  which  ocoir  betweai  the  primary 
Sttkbtone  and  (he  argillaceous  schist  which  so 
often  aooompanies  that  nock. 

Inlhesame  wigr,  the  bedsofsccondaiy  Ihse* 
stone  that  are  interstratified  with  dbales,  some- 
times  become  so  overcharged  with  afgiHaoeons 
and  siiioeoQS  earths,  as  to  produce  impure  com- 
pomMb  scarcely  differing  (nm  die  accompanying 
shales  that  are  in  a  similar  manner  intermixed 
widi  cafcareons  matter* 

Tbe  transitions  which  are  to  be  dbsenred 
among  the  multifarious  unstratified  rodcs  of  this 
class,  do  not  require  notice  here :  they  must  be 
ccmsidered  as  variations  of  structure  and  compo- 
siticm  in  a  single  family,  throughout  which  a 
complete  system  of  gradation  exists  in  every  part. 
Those  associations  and  transitions  which  are 
<rften  very  remarkable  among  some  of  the  most 
important  and  extensive  varieties  of  the  secon- 
dary strata,  are  not  subjects  for  notice  in  this 
place.    They  belong  to  geological  systems,  or  to 
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topographic  geology,  and  not  to  the  prop^  his- 
tory of  mere  rocks,  which  is  alone  the  subject  of 
the  present  enquiry. 


There  is  not  much  to  remark  respecting  the 
occasional  rocks.  As  the  jaspers  appear  to  be 
derived  from  claystones,  or  from  common  clay, 
or  from  argillaceous  sandstones,  the  siliceouis 
sdiistB  from  ai^llaceous  schist  and  shale,  and 
the  cherts  from  limestone  and  from  calcareous 
sandstones,  it  is  easy  to  comprehend  how,  from 
the  peculiar  circumstances  of  their  origin,  they 
miBSt  necessarily  graduate  into  the  various  rocks 
to  which  they  owe  their  origin. 
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CHAP.  XIIL 

SYNOPTICAL  TIi;.W  OF  THB  GBNE&AL  CHARAO- 
TBRS  OF  THB  FAMILIB8  OF  ROCKS  CONTAINBD 
IN  THB  PRESENT  ARRANGEMENT. 

It  has  already  been  ranarked,  that,  according  to 
the  geologfical  arrangement  here  idopted,  where 
Biaiiy  distinct  mineral  compounds  must  some- 
thnes  be  arranged  under  one  general  title,  no 
condensed  descriptions  or  definitions  of  the  fami- 
lies can  be  given.  Such  descriptions  can  only* 
be  expected  in  the  catalogue  of  Tarieties;  the 
characters  of  the  family  being,  in  fact,  contained 
in  the  preliminary  rtmarks  by  which  each  of 
these  is  preceded. 

Bat  as,  in  some  cases,  a  certain  general  mine- 
rdogical  character  will  be  found  to  pervade  the 
whole  family,  it  has  been  judged  expedient  to 
bring  these  into  one  condensed  view,  as  far  as 

practicable,  addingto  them  an  abstract  of  such 
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other  circumstances  as  were  admissible  in  a  view 
so  brief.     As  the  object  of  this  sketch  is  to  facih'- 
tate  the  researches  of  the  student  respecting  the 
name  or  place  of  a  specimen,  I  have  been  little 
scrupulous  about   the  nature  of  the  characters 
selected,  provided  they  conduced  to  the  main  end, 
utility.    Mineral  and  geological  characters,  nega-^ 
tive  distinctions,  and  empirical  marks,  are  there- 
fore indiscriminately  used;  that,  in  consulting 
tliis  abstract,  the  reader  aiay  be  aaabled,  in  somt 
d^ree^  to  limit  his  search  through  the  several 
S])iiops9s  among  which  his  specimen  will  sone* 
yfk^f^  hp  found  more  accurately  described.    Toh 
vrards  accomplishing  this  object,  additional  assise 
tjmce  is  afforded  by  the  arrangement  in   die 
eleventh  chapt^.     No  expedient  ought  to  be 
despised  if  it  serv^  to  diminish  the  labour  and 
remove  the  doubts  by  which  a  beginner  is  so  oftei^ 
disgusted  in  the  commencement  of  his  career.   If 
it  has  been  sometimes  found  necessary  to  repeat 
these  general  characters  in  the  preliminary  n^ 
ijEiarks  to  tiie  different  »ynopaai>  the  present  ooU 
l^ctive  view  of  the«i  was  not  the  kas  requisite. 
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PRIMARY  CLASS. 

GRAirttB. 

This  rock  necessarily  contains  two  or  more  of 
the  following  minerals,  quartz,  felspar,  mica,  and 
hornblende,  but  does  not  exclude  others.  These 
&i^  s^ggregated  by  a  confused  crystallization ; 
and,  by  the  marks  of  mutual  interference  thence 
resulting,  this  rock  is  to  be  distinguished  from 
coarse  sandstones,  or  conglomerates,  composed 
of  similar  ingredients ;  some  indications  of  pre- 
vious attrition  and  mechanical  agglutination 
being  visible  in  these. 

Some  varieties  of  granite  may  be  confounded 
with  other  substances  in  the  secondary  family  of 
overlying  rocks ;  and,  in  such  a  case,  the  geolo- 
gical position  must  be  resorted  to ;  the  rocks  ap- 
pertaining to  granite  being  inferior  to  every  rock 
which  they  accompany,  (when  in  the  mass,)  and 
the  others  being  superior,  if  not  precisely  at  the 
point  examined,  yet  in  some  part  of  their  position 


ItisMldbm  diAevHt  to  recognize  this  tock: 

o  2 
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The  variety  of  lively  or  peculiar  colours  which  if 
presents,  generally  affords  a  good  empirical  cha- 
racter. It  is  commonly  simple ;  with  an  uniform 
fracture,  imperfectly  conchoidal  and  splintery; 
but  some  varieties  have  an  indistinct  granular 
fracture,  and  others  are  cfven  formed  of  small 
lamellar  concretions.  The  broken  snrfiu^  is  al- 
most always  dull  and  earthy ;  but  it  frequently 
contains  natural  irr^ular  joints,  with  polished 
surfaces  having  an  unctuous  aspect  and  feel.  The 
hardness  is  so  various  as  to  afford  no  distinction ; 
as  it  sometimes  resists  the  knife,  when,  at  otbei9» 
it  can  be  scratched  with  great  ease.  The  fre- 
quent presence  of  steatite,  asbestos,  and  talc, 
form^  an  empirical  mark  which  may  also  be  of 
use  to  beginners.    Moreover,  it  is  not  stratified. 

GNEISS. 

Is  composed  principally  of  the  same  ingre- 
dients as  granite,  under  the  same  license;  but 
there  are  some  varieties  in  which  clay  slate,  and 
chlorite  slate  form  constituent  parts.  It  is  dis- 
tinguished from  granite  by  a  parallel  position 
which  pervades  the  mica,  most  generally ;  or  the 
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hornbleiule,  where  that  is  not  present ;  or  in  any 
ease,  by  a  fi>liated  appearance  which  is  often  at* 
tended  by  a  greater  or  less  degree  of  fiasility.  It 
may  pass  into  granite,  or  into  other  rocks,  as  for* 
Bierly  remarked,  and  thus  becomes  undefinable. 

MICACEOUS   SCHIST. 

In  this  rock,  mica  and  quartz  form  the  essen* 
tial  ingredients,  but  the  presence  of  garnets  or 
other  occasional  minerals  is  not  excluded.  The 
mica  is  invariably  parallel,  at  least  to  the  plane  of 
the  bed,  as  in  gneiss ;  whether  that  be  straight  or 
cnrved^  or  else  to  ihe  pkmes  ^  the  ;contorsions, 
where  these  ^exist;  jand  the  rock  is  similarly 
foliated, and  occasionally  sdiistose.  The  varieties 
of  gneiss  which  might  be  confounded  with  it, 
may  be  distinguished  by  the  presence  of  felspar, 
which  is  essential  to  that  rock.;  and  when  this 
mineral  is  difficult  to  distinguish  in  the  fracture, 
it  may  be  recognised  by  the  white  powdery  ap- 
pearance of  the  weathered  surfaces.  According 
to  this  description,  micaceous  schist  might  also 
be  confounded  with  some  Varieties  of  schistose 
isandstone^  of  the  secondary  class ;  but  die  loose 
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arenaceous  textuie  of  the  quartzose  lamina  ia 
this,  gmenUy  presents  a  perfect  distinction,  in- 
dependently of  the  ge^dogical  position.  As  mi-r 
caceous  schbt  often  passes  ioto  quartz  rock,  it  is 
particularly  indefinite  with  regard  to  that  sub** 
stance.  The  other  cases  in  which  it  may  lose  its 
distinct  characters  will  be  found  in  the  twelfth 
dbapter. 

CHLORITB   SCHIST. 

The  presence  of  chlorite,  or,  to  a  bc^nner, 
tiie  green  colour  of  that  which  would  otharwise 
pass  for  mica,  is  suflScientto  distinguish  this  roek, 
which,  however,  passes  by  an  apparently  indefi* 
nite  transition,  into  micaceous  schist,  and  into 
other  rocks,  as  already  noticed. 

TALCOSE   SCHIST. 

This,  rore  rc^,  is  al90  di^tinguisbable  by  the 
k^oim  properties  of  the  mij^eial  whmce  ijk  4»^ 
viyes  itn  nione.  Like  i^  fw^wi?,  it9  «nfil«igy  tei 
wmnowm  acbkt  in  the  othev  gmemA  ohaftgitra^ 
is  perfect 
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HORNBLENDE   SCHIST. 

!»  this  very  coimnoa  rock,  borfibknde  akme, 
or  hornblende  and  felspar,  form  the  necessary  in* 
gredients.  The  structure  is  not  always,  or  nece»- 
Mrily,  schietose ;  and  it  cannot  be  confounded 
with  my  other  substance,  eiLceptIng  as  it  presents 
die  transitions  into  gneiss,  formerty  deacribed. 

ACTINOLITE   SCHIST 

Is  in  every  respect  similsur  to  the  former  in 
structure ;  but  it  is  rare,  and  is  readily  distin- 
^ished  from  that ;  as  fiu-,  at  least,  as  the  ettetttial 
mineral  is  distinguishable  from  hornblende. 

QUARTZ   ROCfi. 

This  consists,  either  of  pure  quartz,  compact^ 
or  imperfectly  granular;  or  it  is  a  compact 
gnnular  compound  of  quartz  and  felspar,  or  of 
<pxuht  and  mica,  subject  to  oAer  accidenlB  whidl 
nnst  be  sOMght  in  the  table  of  varieties.  The 
obviously  re-miiied  structure  even  of  4ie  most 
compMl  kinds,  together  with  tha  marks  of  Mralik 
1,  pi^e^ent  the  aMttprapA  of  quartts  and 
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felspar  from  being  confounded  with  granite,  ex^- 
cept,  perhaps,  at  the  points  of  junction  with  that 
rock.  From  certain  varieties  of  micaceous 
schist,  it  can  only  be  distinguished  by  the  predo* 
jninahce  c^  the  quartz ;  the  limits  of  the  two,  as 
already  remiurked,  being  evanescent.  If,  when 
loose  in  texture,  it  is  in  danger  of  being  con- 
founded with  secondary  sandstone,  recourse  must 
be  had  to  the  geological  connections. 

PKIBIART  (red)  sandstone. 

All  the  varieties  of  this  rock  are  not  red,  al- 
though  that  is  a  prevailing  character.  It  is  most 
generally^  a  granular  aggr^ate  of  quartz,  or  of 
quartz  and  red  clay,  or  of  quartz  and  felspar:  it 
may  also  contain  fragments  of  quartz,  or  of  cer- 
tain rocks.  Its  chief  distincticm  from  the  red 
sandstone  of  the  secondary  class,  consists  in  its 
superior  compactness,  and  in  the  prevaiUng  in- 
termixture of  a  continuous  crystalline  with  there- 
united,  or  arenaceous,  structure.  It  will,  how- 
ever, always  be  necessary  for  the  student  to  have 
recourse  to  the  geological  positicm.  It  cannot  be 
CQiifopnded  with  granite,  if  as  in  the  .case  of 
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qinrtz  rock,  atteiition  be  paid  to  die  ttructiire. 
Into  this  latt^  rock  it  passes  not  nnfrequently,  as 
4ifaeady  remarked ;  into  gneiss,  very  rwely ;  and 
Ana  iia  dbaracters  may  become  doubtful. 

ARGILLACEOUS  SCfllST* 

All  the  varieties  of  this  rock,  however  dissi- 
milar they  may  appear  in  a  general  view,  agree  in 
containing  stony,  or  indurated  clay,  either  alone, 
or  as  the  cement  of  sand,  or  of  fragments  of 
various  kinds.  Most  of  the  varieties  are  more  or 
less  perfectly  schistose  in  the  structure*  If,  ac- 
cording to  this  description,  it  is  ever  in  danger  of 
being  confounded  with  the  claystones  of  the  over- 
lying fionily,  and  there  is  no  schistose  structure 
present  by  which  to  distinguish  it,  recourse  must 
be  had,  either  to  the  stratified  disposition,  or  to 
the  geological  connectiqns. 

It  may,  in  some  cases,  be  confounded  with 
the  harder  shales  of  the  secondary  class ;  and, 
against  thiSy  there  is  no  remedy  but  an  examina- 
^tion  of  the  geological  position. 
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LIMESTONE   (pRIMART). 

A  gena^sSiid,  commonly,  an  actire  effienra*- 
cence  on  the  i^plicatmi  of  dilute  nitroot^  or 
muriatic  acids,  is  the  well  known  test  of  lime- 
stone; but  the  student  must  recollect,  that  the 
▼ery  compact,  or  impure,  varieties,  do  not  always 
effervesce  freely  unless  they  are  powdered  or 
bruised.  It  may  often  be  necessary  to  have  re- 
course to  the  geological  position  to  distinguish  the 
primary  from  the  secondary  limestones ;  but  those 
varieties  which  contain  mica,  hornblende,  or 
other  minerals  intermixed,  may  with  safety  be 
referred  to  the  primary  class.    * 

COMPACT    FELSPAR. 

This  rock  is  simple,  and  of  various  colours, 
green,  brown  red,  pale  grey,  white,  dark  grey, 
purple  brown,  black.  The  fracture  is  compact, 
uniting  the  small  splintery  with  the  flat,  or  im- 
perfectly conchoidal.  It  is  less  hard  than  quartz, 
but  resists  ordinary  steel.  It  genendly  possesses 
a  peculiar  aspect  on  tiie  surface,  resembling  tiiat 
of  wax,  which  is  highly  characteristic ;  and,  it 


Digitized  by 


Google 


flny  iMit  a  ib^{iQiter  to  My,  that,  e^ 
nesB  and  in  refusiog  to  eflfervesoe  with  acidss  it 
iwy  8troiig}y  rcacmblea  ia  extemal  oharacten 
mmtj  of  the  compaot  and  iBMoth  varietiaa  of 


SECONDARY  CLASS. 

LOWEST  (red)  sandstone. 

This  is  generally,  but  not  necesearily,  red  of 
various  hues;  being  often  grey,  seldom  white. 
It  consists,  when  mostsknple,  of  sand  and  red  or 
grey,  clay^  seldom  very  firmly  united,  and  except 
in  a  very  few  rare  ca«^  never  possessing  that 
gmeral  ciystaUine  compactness  which  is  often  so 
remarkable  in  the  primary  rock  of  the  same 
name.  In  addition  to  those  two,-  almost  essentialt 
ingredients,  it  may  contain  the  sand  of  felspar,  or 
mica,  or  carbonat  of  lime,  or  the  whole  of  these ; 
as  also,  fragments  of  any  rock  of  the  primary 
dups,  and  ^wy  size;  when  it  becomes  a  cwnglo- 
iQ«n^.  As  it  is  40  hnportent,.  in  a  geological 
vMw,  to  dis^gwih  i^  fiwn  ^e  prvmgy  sand* 
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stone,  the  poeition  must  be  coiwulted  where  the 
internal  characters  are  not  satisfectory. 

Some  of  the  red  varieties  may  be  confotinded 
with  some  varieties  of  the  superior  sandstones, 
such  as  the  red  marie  of  England ;  and,  in  tfie 
same  manner,  the  white  variet;ies  may  be  mis- 
taken for  others  belonging  to  the  upper  sand- 
stones. As  important  geological  considerations 
may  often  depend  on  the  solution  of  such  doubts, 
it  becomes  necessary  to  examine  the  geological 
relations,  whenever  fliey  ma/ arise. 

SUPBRIOR  SANDSTONES. 

These  consist  of  quartz  sand  alone,  or  of 
that  sand  with  carbonat  of  lime,  or  with  clay  of 
various  colours  ;  more  rarely,  with  mica.  The 
ftr  predominant  varieties  are  white,  or,  at  least, 
pale.  The  circumstances  under  which  ihef  may 
appear  doubtful,  have  been  already  noticed. 

LIMESTONE. 

Efimescence,  as  in  the  case  of  the  primary 
Ihnestxmes^  cUstinguishes  these  from  oth^  rocks ; 
but  it  must  be  recollected  that  the  magnesian 
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and  argillaceous  varieties  effenreace  with  diffi- 
ciihy.  Almost  all  those  which  contain  organic 
ronains,  may  safely  be  dassed  with  the  secondary 
rodcs ;  as  may  the  h^;hly  aigillaeeous ;  hot  as 
80BM  interesting  cases  occur  in  which  those  of 
the  primary  and  secondary  class  cannot  be  dis* 
tinguished  by  their  mineral  characters,  it  is  na^ 
cessary  to  have  recourse  to  their  geological 
positions.  In  how  far  some  of  those  which  oaxy 
tain  organic  remains,  and  which  ha;ve  been 
called  tranntum  limestones,  may  bel<nig  to  the 
primary  class,  is  not  yet  determined. 

SHALE. 

The  shales  consist  of  schistose  indurated  clay, 
commonly  grey,  or  Uackish ;  oocasionaUy,  of 
other  and  brighter  colours.  In  general,  they 
may  be  distinguished  from  the  argillaceous  schislsv 
by  their  comparatiTe  fragility  and  want  of  the 
continuous  schistose  structure.  But,  as  formady 
remarked,  cases  also  occur,  where  the  characters 
of  the  two  so  nearly  resemble  each  other,  that 
these cawot  be satisfiMrtorilydetiermiiied without 
consultiog  th^  geological  positions. 
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OVBRLTING    ROCKS; 

■ 

So  many  sobstances,  of  external  oharaeters 
aftd  eompoBitions  so  different,  are  included  in 
this  finmly,  that  it  is  necessary  to  separate  tliem 
into  divisions  before  attempting  to  enumerate  Hie 
general  characters  by  which  a  studient  may  b^ 
in^kiced  to  search  for  bis  specimen  among  them. 
They  may,  for  this  purpose,  be  conveniently  di- 
vided into  the  simple,  the  granitic,  the  porphy* 
ritic,  and  the  amygdaloidaL 

Th^  simple  rocks  of  this  fiBmrily^  consist 
either  of  compact  felspar,  clinkstone,  or  indu- 
rated clay« 

The  characters  of  compact  fels^iar  bxve  al^- 
ready  been  described,  and  as  this  substance 
occurs  both  in  die  primary  and  secondary  chM^ 
aldiough  under  riigfat  differences  of  aspect^  ft  is 
evident  that  these  can  only  be  dagtinguMbed  by 
ttwfrraq[)e€«lve  geological  positions^ 

lue  aHumctam  of  cuunwoM  are  iwb<  foviow^ 
ing.    It  it  fr  ihnpk  fodi,  mmk*t,  btt  oceaiioM* 
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aly  exibliainig,  on  the  exposed  mirlacM,  in  in^ 
gvlar  bminw.  Tbe  ftticture  is  eren,  or  imper- 
fectly concboidaly  and  fff^iatay  also.  When 
loDg  exposed  to  tlie  wetttfter,  it  assumes  a 
gtamriar  appearance.  It  has  not  the  waxy  as* 
pact  of  compact  fehgmr ;  wfaidi  bowerer  it  much 
reaenbles,  and  kilo  which  it  appears  to  pass  by 
an  waieAnMe  transition.  On  tbe  other  hand, 
it  becomes  more  earthy,  and  passes  into  day- 
stone.  Under  these  different  circnmstances,  it 
yields  with  more  or  less  difficult  to  the  knife. 
It  IS  not  neceaaarily  or  exclnsively  sonorous,  as 
its  name  would  imply.  That  property  is  pos- 
sessed by  many  other  rocks  in  a  much  higher 
degree,  and  very  Often  depends  more  on  the 
form  dian  the  material.  The  cdonrs  are  Tery 
various. 

The  indurated  clitys  are  of  diflerent  d^rees 
of  bariness,  and  rary  in  colour^  frost  nearly 
white  to  blade.  They  might,  accoiding*  to  the 
iiasne,  be  confounded  with  some  of  the  argil- 
laeeooa  sdiisto ;  but  they  are  almoM  alwriys  dis- 
tiBgttisfaabte  by  breaking  with  the  same  fkdlity, 
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and  in  the  same  manner,  in  all  diiecttonB.  In 
certain  cases,  it  is  true,  they  are  actually  sdbisloae^ 
or  rather,  laminar ;  but  the  laminae  are,  in  this 
case,  produced  hy  the  progress  of  disintegration^ 
and  that  structure  does  not,  as  in  the  aigillaceous 
schists,  pervade  the  whole  stone.  However  diC- 
fioult  to  describe  the  peculiar  aspect  by  which 
they  may  be  recognized,  so  as  to  satisfy  the  stu-^ 
dent  who  has'  never  seen  them ;  when  odce 
known,  they  can  never  be  confounded  again  with 
any  other  rock. 

The  same  remarks  may  be  made  on  basalt, 
some  of  the  varieties  of  which  may  also  beknown 
by  consisting,  or  appearing  to  consist,  of  horn- 
blende in  a  much  more  minutely  granular  and 
compact  state  than  it  ever  occitfs  in  honibl^Mie 
schist. 

The  granitic  division  offers  peculiw  diflS- 
culties ;  as  it  is  in  this,  that  the  frequent  resem- 
blances  to  some  of  the  varices  t>f  granite  occur. 

In  the  first  place,  all  those  which  contsin 
eithCT  augit  or  hypersth^ie^  may  be  safdy  re^ 
ferred  to  this  fiunily.    So  may  those  which  ooi^ 
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tain  compact  felqMur  as  a  conspicuous  or  leading 
ingredient;  and  this  substance  seldom  occurs, 
except  in  very  minute  proportions,  and  as  an  oc- 
casional constituent)  in  the  granites.  A  kige 
proportion  6f  the  HK>re  equal  mixtures  of  bom- 
blende  with  felspar,  both  common  and  compact, 
belongs  to  this  division ;  but  as  similar  mixt«« 
are  ako  found  among  the  granites,  they  are  not 
necessarily  and  exdusively  m^nbers  of  this  family. 
£Ten  the  finer  compounds,  forming  one  of  the 
varieties  of  basalt,  are  found  accompanying 
granite.  The  student,  in  these  cases  of  doubt,, 
must  unavoidably  haTe  recourse  to  the  geological 
position;  and  this  last  example,  in  particular, 
offers  one  of  the  strongest  which  geology  affords, 
of  the  hazard  of  determining  the  geological  cha- 
racters of  these  rocks  from  their  mineral  struc- 
ture w  composition. 

The  porphyritic  and  the  amygdaloidal  rocks 
are  recognized  by  the  peculiar  structures  already 
described  in  the  chapter  on  that  subject;  and 
may  always  safely  be  reftrred  to  thiis  family,  as 
they  occui^  in  no  other  department  of  nature. 

p 

Digitized  by  VjOOQIC 


210 

PITCH8TONE. 

This  rock  is  €ither  simple,  or  porphyritic,  or 
i^heroidal  concretionary,  (as  in  pearlstone) ;  but, 
hi  every  case,  it  may  be  recognized  by  its  smootb 
glossy  fracture  when  simply,  or  by  liiat  of  the  base 
when  it  is  compounded.  The  lustre  is  mwe  pro- 
perly like  that  of  broken  pitch  than  glass,  and  it 
coukl  only  be  confounded  with  obsidian ;  a  mi- 
neral strictly  volcanic,  and  otherwise  distinguish- 
able by  its  almost  absolute  identity  with  the 
glasses  formed  in  metallurgic  operations,  and  by 
other  characters  to  be  found  in  systems  of  mine- 
ralogy. 


OCCASIONAL  ROCKS, 

JASPER. 

The  brilliant  or  varied  colours  of  this  rock, 
either  mixed  or  simple,  form  its  most  ostensible 
and  convenient  distinction.  These  are,  however, 
chiefly  reds,  of  various  hues,  and  yellows.  The 
lustre  is  sometimes  equal  to  that  of  pitch ;  in 
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which  case  it  has  been  confoundeil  with  pitch^ 
8tone& ;  at  others,  it  is  dull  and  earthy.  It  is 
commonly  rery  brittle,  and  scarcely  less  hard  than 
<]i]artz.  The  fracture  is  generally  flat,  or  con-r. 
choidal,  wbere  the  lustre  is  considerable :  more 
or  less  granular,  or  splintery,  when  dull.  It  is  a 
simple  rockt 

SILICEOUS   SCHlSf. 

This  rock  varies  materially  in  aspect  and  in 
hardness,  as  might  be  expected  from  its  origin* 
When  least  hard,  it  is  scarcely  distinguishable  by 
the  eye  from  the  schists  whence  it  is  derived ; 
even  in  this  Case^  however,  the  power  of  resisting 
the  knife  is  a  sufficient  test.  The  structure  is 
simple  and  uniform,  the  fracture  more  or  less 
perfectly  conchoidal,  and  also  splintery.  The 
lustre  sometimes  approaches  to  that  of  pitch; 
but,  at  the  other  extreme,  the  aspect  is  earthy. 
The  colours  vary  considerably ;  as  it  is  found  of  a 
reddish  brown,  dark  purple,  yellowish  brown^ 
and  greenish,  but  the  tints  of  grey,  and  black, 
are  the  most  frequent.  It  is  often  striped  with 
different  colours. 

p  2 
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CHBRT. 

The  cherts  of  this  arrangement  must  be  ex- 
pected to  differ  materially  in  aspect,  when  their 
nature  is  considered ;  as  the  rocks  to  which  they 
owe  their  origin,  not  only  vary  in  composition, 
but,  may  have  undergone  various  degrees  of  in-* 
duration.  In  general,  however,  all  the  varieties 
agree  in  being  simple,  in  breaking  difficultly,  yet 
suddenly,  with  a  fracture  more  or  lessconchoidal, 
and,  according  to  circumstances,  either  granular 
or  splint^,  in  forming  acute  cutting  fragments^ 
in  resisting  steel,  and  refusing  to  effervesce  with 
acids.  By  this  latter  character  they  differ  from 
the  limestones  which  they  so  often  res^nble,  and 
from  which  they  are  derived.  The  colours  are 
^ey  of  various  hues. 

OtPSUM. 

As  a  rock,  this  substance  could  only  be  con- 
founded, by  the  student,  with  granular  or  primary 
limestones ;  and  it  is  readily  distinguished  from 
these  by  not  effervescing  with  acids,  by  its  com- 
parative softness,  and  by  the  facility  with  which 
it  loses  its  water  on  exposure  to  heat. 
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CONOLOMBRATE  ROCKS. 

The  name  of  these  renders  any  description  ot 
tiieir  characters  unnecessary ;  and,  for  the  dis-' 
tinction  of  the  varieties,  the  reader  must  have  re- 
course to  the  Synopsis. 

VKIN   STONBS, 

These  also  require  no  observations;  since, 
being  attached  in  some  way  to  the  rocks  in  which 
they  lie,  or  depending  for  their  essential  distino- 
tions  on  their  geological  position,  they  are  neces- 
sarily recognized.  Like  the  conglomerate  rocks, 
they  are  formed  of  distinct  portions. of  different 
substances. 


APPENDIX  1st  and  2d. 

VOLCANIC   ROCKS. 

The  resemblance  of  many  of  these  to  the  over- 
lying rocks,  renders  it  also  necessary  to  be  ac- 
^ainted  with  their  geological  situations.  These, 
in  fact,  are  always  known,  from  the  circumstances 
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under  which  the  specimens  are  collected.  To 
describe  their  general  mineral  characters  would 
be  little  else  than  to  repeat  the  remarius  on  the 
overlying  rocks,  which  have  preceded. 

CLAY,  SAND,  MARLE. 

Marie  is  recognized  by  its  effervesceace ; 
sometimes  by  conts^ining  fragments  of  ^ells.  It 
would  be  trifling  to  describe  &e  characters  of 
substances  so  familiar  as  clay  and  sand. 

The  same  remarks  may  be  made  on  coal, 
alluvia,  and  peat;  substances,  of  which  the  cba^ 
r^cters  are  as  ^miliar  as  the  names. 
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PRXUMINART    RSMARK8   ON    THE   NATURE  A!«D 
CHARACTERS  OF  THE  PRIMABT  CLA8S* 


In  the  narae  of  this  class,  is  implied  the  essentid 
character  on  which  it  is  founded.  The  rocks  that 
are  included  in  it,  are  so  arranged,  from  an  opi- 
nion that  they  were  formed  prcTiourfy  to  the  de- 
position of  those  which  are  ranked  in  the  secon- 
dary class.  That  opinion  is  founded  on  the  fact, 
that  wherever  the  rocks  of  the  latter  division 
occur  in  company  with  the  former,  they  are  al- 
ways superior  in  geolc^ical  position;  and  that, 
in  no  case,  a  member  of  the  primary  class  is  found 
intruding  among  those  of  the  secondary. 

If,  in  all  instances  where  rocks  occur  in  na- 
ture, both  classes  were  to  be  found  together,  or  a 
r^fulm*  sequence  could  be  inferred  by  the  com- 
parison of  positions,  there  would  exist  no  diffi- 
culty in  distinguishing  the  two,  in  every  case»  by 
their  geological  situations;  it  being  here  pre- 
Wmed  thi^  their  common  line  of  separation  is 
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kDowD .  But,  in  many  places^  large  tracts  of  one, 
or  of  the  other  class,  are  found  separately ;  in 
others,  detached  portions  of  the  secondary  are 
found  connected  with  extensive  tracts  of  the  pri- 
mary, or  insulated  masses  of  the  latter  are  found 
among  the  former;  the  relative  positions  of  the 
two  being  further,  in  each  case,  such,  as  either  to 
i^rd  no  evidence  respecting  H^  supeiriority  of 
Ae  one  or  the  inferiority  of  the  other,  or,  spm^ 
times,  even  indicating  a  relatioA  which  is  dis- 
covered, by  an  extensive  i|et  of  analogies  or  com* 
parisons,  to  be  false.  It  is,  moreover,  often  neces- 
sary to  decide  on  the  class  to  whicU  a  single  9pe* 
cimen  should  be  referred,  when  detached  from 
itu  native  connexions,  The  single  charact^  of 
relative  inferiority,  is  not  tiberefore  suflScient  to 
form  a  practical  distinction  for  |he  primary  claas ; 
alUxHigh  it  is  the  esseptial^  on^,  and  that  on 
ivbich  the  class  itsdf  is  founded^ 

There  is  another  character,  however,  by 
which  it  has  been  supposed  that  the  primary  wa9 
distinguishable  from  the  secondary  cla^psf  of  rocks; 
«Bd  on  which»  indieed,  too  mpch  strew  has  fx^ 
^uently  been  laid»  as  if  it  farmed  m  msm^  ^ 
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iiBctioii.  TbM  18,  the  compuatively  erect  pD8i<» 
tkm  €f  the  stcateu  But,  in  many  instances,  thb 
pniBBiy  strata  occupy  Tery  low  cmgles,  and  even 
Msnne  the  hwizontal  position ;  while  the  secon* 
dary,  are  frequency  found  elevated  to  angles  of 
considerable  inclination.  Even  were  this  distinct 
lion  much  more  complete,  it  would  not  be  of 
uniTeraal  a{4>lication ;  since,  in  each  class,  there 
is  a  hffge  division  of  rocks  that  are  not  disposed 
in  stssta. 

The  next  circumstance  in  which  the  rocks  of 
the  primary  class  differ  from  those  of  the  secon^ 
4ary,  is  their  nature,  or  mineral  chfa*acter. 

Many  rocks^  readily  distinguishable  by  their 
peculiarity  of  aspect,  occur  in  the  primary  class, 
but  are  not  found  in  the  secondary ;  although  the 
rocks  of  both  classes  are  often  composed  of  thf 
same  mineral  substances.  Others  are  so  distinct, 
even  in  their  mineral  composition,  as  to  have  no 
resemblances  in  tiie  secondary  class.  Such  rocks» 
even  in  detached  specimens,  indicate,  witlK^^ 
the  necessity  of  geological  investigation,  that  divi* 
Bion  in  nature  to  which  they  belong.  Withoifit 
coti8icl«iibl«  Qxperienoe,  however,  it  is  rdrdy  safe 
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to  draw  sudi  coDclosions  respecting  the  first  of 
these ;  as  the  pecaliarities  by  which  they  are  cha- 
racterized, although  distinguishable  by  a  prac- 
tised eye,  can  scarcely  be  described  in  words 
with  sufficient  accuracy  to  conv^  a  definite  idea 
of  their  diffisrences. 

There  are,  further,  some  rocks  in  the  primary 
class,  so  nearly  resembling  others  in  the  secon- 
dary, that,  in  some  specimens,  no  difierence 
whatever  can  be  detected;  while,  in  the  re* 
mainder,  the  distinctions  are  so  slight  as  scarcely 
to  be  perceived,  except  by  long  and  habitual 
intercourse  with  all  their  modifications.  In  these 
cases,  the  mineral  character  serves  no  purpose  in 
ascertaining  the  class  to  which  a  rock  belongs; 
and  recourse  must  ihen  be  had  to  the  other  cha^ 
racters,  which  comprise  its  geological  connections. 
Where  these  are  obscure,  or  difficult  of  access,  a 
rdck  may  thus,  for  a  long  time,  remain  doubtful, 
as  far  as  relates  to  its  relative  antiquity ;  or  erro- 
neous conclusions  may  be  drawn,  to  be  rectified 
only  by  careful  subsequent  investigations,  or  by 
a  fortuitous  concurrence  of  circumstances. 

Lastly,  the  absence  of  organic  remains  has 
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been  aometimes  made  a  ground  of  distinctioii 
for  die  jHimary  class.    In  a  practical  view,  tips 
character  would  be  of  no  use  in  discriminating 
individual  rocks,  were  it  even  constant  in  that 
class ;    as,  among  the  secondary  strata,  such  re* 
mains  are  but  of  partial  occurrence.    But  it  en- 
tirely ceases  to  be  a  distinction,  unless  that  ex- 
pedient of  a  transition  class,  which  has  here  l>een 
rejected,  is  adopted .    As  the  reasons  for  rejecting 
this  class  have  been  given  elsewhere,  no  further 
remarks  on  this  chanuiter,  as  distinguishing  the 
primary  from  the  secondary  rocks,  are  required. 
It  must  therefore  be  concluded,  that  there  is 
no  single  character  by  which  the  primary  class 
can  in  all  cases  be  distinguished.    The  proofii  of 
that  essential  circumstance,  inferiority,  on  which 
it  is  founded,  being  sometimes  inaccessible^  re* 
coarse  must  then  be  had  to  one  or  more  of  tiie 
remaining  characters ;   and,  although  tiiere  are 
cases  where  tbe  distinction  may  call  for  all  the 
industry  and  acuteness  of  a  geologist,  his  endea* 
vours  will  rarely  be  disappointed.    It  is  only  by 
such  exertions  that  he  can  hope  to  improve  an 
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imper£8ct  science,  and  to  extend  the  beimdarks 
of  our  knowledge* 

It  therefore  follows  from  the  preceding  re- 
marks^ that  in  every  distribntioa  of  rocks  founded 
on  ihe  present,  or  on  any  geological  arrange^ 
ment,  the  same  mineral  ctmipound  will  oocasioor 
alfy  be  repeated  in  both  divisions.  Whatever 
confusion  or  inconvenience  may  be  suppose  to 
flow  from  this,  it  is  evident  that  the  circi}mstance 
is  in  itoelf  highly  interesting,  as  forming  part  of 
the  natural  history  of  rocks,  and  that  it  is  aa 
important  fact  in  geology.  It  is  one  of  tho^ 
occurrences  which  prove  that,  in  a  practical 
view,  much  greater  incon^enienoe  it^ould  follow 
from  an  arrangement  ^nded  on  mineral  cha- 
racteis  alone;  as  it  would  confound  together 
substances  which  it  is  most  importsuit  to  distin* 
guish.  In  consequence  0|f  this  occasional  reseoi^ 
blance,.  or  identity,  between  certain  membera  <^ 
the  primary,  and  others  of  the  secondary  daas,  it 
will  assist  the  student  to  enumerate  those  rocks 
appertaining  to  the  former  wUch  htve  no  r&> 
flcmblaqces in tii^  latter;  and topomt oat) tibose 
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wUdi  tan  more  w  km  difficiUt  to  dkfingQfrfi 
without  referring  to  their  order  m  geologiical 
JNxntion. 

AmoDg  the  ilmtratified  rocks  of  the  primary 
dan,  granite,  when  compoBed  of  quartz,  mjca, 
imd  felspar,  is  always  to  be  distinguished,  as  no 
correq>oDding  To6k  has  yet  been'  found  in  the 
unstratrfied  members  of  the  secondary  division. 
But  where  gnmite  contains  hornblende,  there  is 
sometimes  gi^und  for  doubt ;  as  similar  coni** 
pounds  occur  with  the  syenite  of  the  overlying 
ftmftily. 

In  a  similar  manner,  rocks  compounded  of 
hornblende  and  felspar,  which  prevail  among 
the  members  of  the  latter  division,  are  sometimes 
found  associated  with  granite,  and  dierefore  ne- 
ceasarily  to  be  ranked  in  the  primary,  class ; 
however  diiftring  in  their  inineral  characters 
from  the  prevailing  rocks  known'  by  this  g«ineral 
toitn.  These  cases  are  however  rare,  and  will 
seldom  p]f<>diice much  practical  inconvenience; 
80  lliey  will  chiefly  excite  the  attei^bn  of  those 
geologists  whose  experience  wiU  aiabte'  them  to 
aasign  their  true  geological  situatiotis,  land  whose 
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•bject  it  k  10  inyestigate  ihoee  ck^eonitftaiices, 
radier  than  to  collect  specimens  for  a.  cabinet. 
As  in  all  the  other  instances  of  this  species  of 
nnoertainty,  these  rocks  are  noticed  in  the  Cata- 
logues, under  die  several  heads  where  they  occvr^ 
Gneiss,  micaceous  schist^  cblortte  schist^ 
talcose  schist,  hornblende  schist,  actinolite  schl^at^ 
and  serpentine,  have  n6  copies  or  couikferpafts. 
in  the  secondary  class,  and  therefin^  require  no 
ehservations.  The  case  of  seipenttne  ooanected 
with  trap  veins,  is  too  rare,  and,  at  the  same  time, 
-  too  obvious.  Where  it  does  occur,  to  require  any 
caution. 

Between  some  varieties  of.  quartz  rock  imd 
the  secondary  sandstones,  there  is. an  occasional 
resemblance  ;  as  the  former  may  present  a  loose 
texture,  and  the  latter  an  indurated  one ;  in  such 
cases,  as  in  that  of  granite,  recourse  must  be  bad 
to  thegeologidd  connections  of  the  rocks  in  doubt. 
The  same  remark^  even  in  a  gres^r  degree, 
applies  to  the  primary  and  secondary  red  sand*^ 
stones,  which  often  betir  a  very  exact  resem* 
blance,  both  in  eomporition  and  geami  aqpect. 
It  is  true,  that  die  primary  rock  is  characttcrized 
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hy  a  {predominant  degpree  of  oonapactnew  not 
often  found  in  the  secondary  ;  bnt  that  is  rarely 
sufficient  to  form  a  distinction,  except  in  the 
hands  of  a  geologist  long  yersant  in  the  minute 
characters  of  rocks.  This  instance  affords  a 
striking  example  of  the  necessity  of  attending 
to  geological  characten  in  the  classification  and 
nomenclature  of  rocks,  and  of  the  utility  of  an 
arrangement  founded  on  geolc^cal  principles; 
since  it  had  always  been  confounded  with  the 
secondar}*  cfandstone,  till  it  was  first  pointed  out 
in  that  work  on  the  Western  Isles  of  Scotland, 
which  is  iiere  referred  to,  on  several  occasions,  as 
the  authority  for  many  of  the  present  statements. 
The  distinctions  between  the  argillaceous 
schists  of  the  primary  class  and  the  shales  of  the 
secondary,  are,  in  many  instances,  sufficiently 
marked.  But  cases  also  occur  in  which  they  are 
undistinguishable  when  separated  from  their 
connections ;  a  circumstance  whicl^,  in  this  in- 
stance also,  renders  the  examination  of  those 
connections  necessary. 

In  the  limestones,  the  same  difficulties  some- 
times occur.  It  has  been  asserted  tlmt  the  pri- 
mary calcareous  rocks  are  always  to  be  distin- 
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ig^ished/ by  fheir  crystaHine  texture,  from  the 
secotidary,  which  are,  on  the  contrar)^  said  to  be 
characterized  by  a  compact  texture  and  earthy 
iiispect  But  this  observation  is  perfectly  errone- 
ous; as  limestones  of  an  earthy,  and  of  a  com- 
^ct  aspect,  occur  among  the  primary ;  and, 
iedthough  perhaps  more  rarely,  the  most  perfect 
brystalline  limestone  is  sometimes  found  among 
the  secondary  strata. 

The  difficulty  between  the  compact  felspar 
associated  with  gneiss,  and  therefore  primary,^d 
that  which  is  found  with  the  overlying  rocks,  19 
of  little  moment ;  as  the  former  is  rare,  and  is  ge- 
nerally so  intimately  connected  with  its  associates^ 
as  to  be  necessarily  referred  to  its  proper  place* 

With  respect  to  jasper,  chert,  and  siliceous 
schist,  which  the  geologist  will  often  find  among^ 
the  primary  rocks,  it  will  hereafter  be  seen  that 
they  octuT  in  both  classes ;  for  which  reason 
they  have  been  separated  and  placed  in  a  distinct 
division,  so  as  to  render  any  remarks  on  them 
unnecessary -in  this  place. 

The  difficulties  that  regard  porphyry  and  its 
associates;  are  stated  at  length  in  the  preUtninary 
Temaiks  on  the  overlying  rocks* 
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GRANITE, 


In  conformity  to  the  general  practice  of  geo^ 
logists,  I  have  placed  granite  as  the  lowest,  or 
first  in  order,  of  the  primary  rocks.  For  the 
same  reason,  confirmed  by  my  own  limited  ex- 
perience, I  have  also  considered  it  as  mistratified. 
Farther  than  this  I  cannot  enter  on  its  geological 
relations  ;  as  they  would  be  incompatible  with 
the  design  of  the  present  work.  It  is  only  ne» 
cessary  to  remark,  that  every  member  of  the  pri- 
mary strata  has  been  foand  in  contact  with  it ; 
and  that,  in  some  rare  instances,  the  lowest  red 
sandstone  has  been  observed  in  the  same  situation. 

By  the  term  granite  is  here  understood  every 
compound  rock  which  is  found  in  irr^fular 
opflses  beneath  the  lowest  strata;  including, 
further,  those  veins  which  proceed  from  them  so 
as  to  traverse  the  adjoining  rocks,  together  with 
tbote  siiiiilar  veins  which,  though  of  the  same 
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mineral  composition,  cannot  be  traced  in  the 
same  manner  to  a  leading  mass. 

Granite  masses  are  sometimes  continuous  for 
a  great  space ;  so  that  they  possess  no  definite 
form  ;  or,  if  any  such  form  be  present,  it  cannot 
be  tlfeci^vei'ed.  At  other  times,  they  are  dis- 
closed in  large  defiatte  bodies,  not  unaptly  com- 
'pBHreA  to  feather  beds,  separated  by  fissured  or 
jdkils.  When  these  masses  possess  a  large  di- 
neDsioii  itt  two  directions  only,'  they  ^rften  re^ 
isethble  the  beds  of  stratified  rocks,  and  have 
Bometimei^  been  mistaken  for  true  sttata.  Occa* 
sionally^  these  dimensions  are  so  proportioned, 
4faait  they  resemble  irrc^atr  spheroids :  but  these 
fdrms  appesr  to  have  resulted  from  the  ii^earing 
of  th^  angles  of  masses  originally  prismatic. 

The  extended  beds  above  mentioiied,  are  fre^ 
quently  sirfMivided  by  fissures  into  smaller  pris- 
mtttic  and  culbmdal  masses ;  and  as  lliis  sobdi«> 
vision  generally  takes  place  in  two  oppoole 
directmas,  or  ore  vertical  amd  pmalliei  to  ibt 
grest  mtas  t>r  bed,  these  prisms  are  fixmd  filed 
on  «aeh  ddier  in  a  taanner  resembling  hage 
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masonry.  The  angles  of  the  prisms  being  fur- 
ther subject  to  wear,  as  are  the  contiguous  sur- 
&ce8  in  a  le^s  degree,  the  result  is  an  aggnqpate 
of  irregulai*  spheroids  often  piled  on  each  other 
in  a  very  fiuatastical  manner.  This  consequeiKce> 
^  is  evident  cap  only  take  place  when  the  6fh 
sures  are  nearly  horizontal  and  vertical.  la 
all  others^  the  detached  parts  must  &11  away,  A 
few  rare  iquftances  occur  in  nature  where  the 
dimension^  of  the  prisms  ^re  90  considerajb^e  in 
we  direction,  that,  when  ^^uped  in  er^  p^ 
fitiops,  they  present  an  irregular  columnfur  ^ 
jieanaiice. 

Lastly,  the  great  jbmin^,  or  beds  of  gvaoite 
aiie  often  vertical,  as  well  as  horizontal  or  inr 
clined  ;  and  it  thus  presents  continuoii;»  smootl^ 
ppaeqipicf^  l^rajly,  while,  above,  it  tenoiciates 
in  shi^ip  pe^lfs.  . 

A  avovjte,  I^ut  irregular  iirisQifttftc  struotuEe^ 
wiif^wh9i  iOf  tla^  fonper,  ia  sometimfsljoli^ 
asjwi  in  gfmU^,  It  is  also  (>cca8io«a%  mt 
HHtaly  Ifuniqar,  or  exfoliati^  in  crests*    Then* 

pr  MQK,  4«rt»w  i  9t  Q<hei9  tbiy  are  flat    In 

«  2 
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some  cases  tftey  appear  to  be  the  owseqaenoe 
of  an  original  concretionary  structure  m  tbe 
rock :  in  others,,  it  is  equally  certain  that  thejr 
are  produced  by  the  action  of  the  atmosphere ; 
as  tbey^  occur  eqodly  in  masses  of  artificial  Ibnasi; 
in  the  shafis  of  columns^  for  examjde,  and  in 
Mocks  squared  by  the  tool. 
'  W.ith  these  comprdiensire  geological  features, 
are  united  the  following  mineralogical  diaracters. 

The  texture  is,,  with  one  exception,  always 
crystalline  and  confused;  the  several  minerals  of 
which  it  is  composed,  interfering  with  eiaeh 
other's  forms.  With  the  single  exception  of  the 
graphic  variety,  it  is  also  granular ;  but  varyii^ 
much  in  the  fineness  of  the  texture,  or  ia  the 
magnitude  of  the  parts. 

As  the  mineral  composition  of  granite  re- 
sembles that  of  gneiss^  and  as,  in  many  in- 
rtatices^  these  rocks  i4[>proximate,  even  in  texture* 
it  will  be  convenient  to  state  herci  the  characters 
by  wbieb  these  substances  may  be  distinginsbed. 
In  granite,  the  crystals  of  mica,  or  of  bombleade 
if  present,  are  placed  irregularly  in  all  directions ; 
but,  i|i gneiss^  they  preserve  ageoeril  paraHeUsm; 
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w  iw  to  give  ft  foliated  i^tpearanee  to  the  wck, 
aud,  Tery  frequency,  communicattDg  to  k  a  ten* 
dency  to  split  in  one  direction. 

In  certain  cases,  however,  the  distinction  Iwi- 
tvreta  granite  and  gneiss  is  erancscent,  and  th^ 
two  become  mineralogically  identical.  The 
cautious  geologist  will  therefore  beware  of  Am¥^ 
bag  any  general  concltnions  of  a  geological  na- 
tore,  from  the  mere  examination  of  specimaw ; 
but  will  examine  the  connections  of  the  rocks 
themselres,  and  their  general  relations  to  the 
mrronndiog  strata. 

The  minate  structure  of  granite  sometimes 
apfiroximsAes  to  tiiat  'Of  iporphyfy ;  or  distinct 
crysfsis  of  the  felspar  which  belongs  to  its  com- 
position, are  imbedded  in  tiie  general  granular 
base«  This  variety  has  been  termed  porplqrritic ; 
ud  It  h  a3so  proper  here  to  remark,  that  the 
porphyries  sometimes  lose  their  characteristic 
stmctnre  in  particular  places,  and  assume  that  of 
granite  so  nearly,  as  to  be  scarcely  distinguifA- 
able  when  in  hand  specimens.  In  this  case,  lui 
in  many  others,  such  specimens  can  only  be  truly 
teferred  to  their  place  in  this  Sy«tdn,  by  examin- 
ing their  geological  connections. 
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The  magnitude  of  th^  parts  iii  j^hoeiite  is  et!^ 
tl-emely  Various ;  each  constituetit  mineral  tome^ 
times  exceeding  an  inch  in  ditheUsiom^,  and^  at 
others,  being  almost  invisibly  mihnt^.  Various 
tiextui*es  are  also  dfti^il  tihited  in  it  very  limited 
figace,  or  the  rock  passes  itojierciiptibly  fironi 
fihe  to  coarse-grained.  Occasionally  alto,  iire- 
giilar  patches,  or  veitl^,  of  a  fine  teitUre,  ILn* 
ieen  iinbedded  iii  acoamr  variety,  Iik  toe  rare 
instance  the  paEffs  af!ect  a  st)heroidal  arr&nge* 
tnent. 

Mica^  felspar,  and  quartz,  have,  by  some 
inineralbgist^,  bieen  emllkkerated  as  the  sble  mi- 
hercas  eSAfenti^  tb  ^nitfe.    This  distinction  is 
too  liitaited  for  priadical  purposed ;    ^d,  in  a 
^feolo^cal  sense  in  particular^  it  is  iiiadmissible. 
WithiA  ia  very  nirroW  lipace,  either  the  quarts  or 
the  iMck  may  diSitpp^a^ :  \ti  gtaphifc  granite,  ifae 
tetter    is   always   wtetingf.      MOi-etover,    htttn- 
l^tehde  U  very  bftea  ptefi/bUt  iti  6»«  paft  tf  the 
s^e  CAnH^xiO^  ta^M  Which,  ih  Bhotlfef)  MA- 
tains  Oiily  the  three  iflgredfenfts  alboVe  nkltAd  t 
dkid  it  is  alA>  tery  ft^qttefiil;^  tl«e  «(lMlifU1»  for 
mica  s  the  rock  being  then  ft  i»tk^  eiiiaipmM 
of  quartz,  felspar,  tfid  fHMrllbtettilfe>    Tttb  IbHb 
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qrenite  luA  been  applied  to  UiiB  <»m  but 

with  great  inconvemenee ;  as  it  has  also  beai 
wed  to  denote  a  member  of  the  latest  nnstratified 
Todcs  incumbent  on  the  secondary  strata.  To 
prevent  additicHiai  oonfiision  in  the  geologicai 
desmption  of  two  families  of  rock,  often  suffix 
eieutly  difficult  to  distinguish  with  every  iitteo^ 
tjon,  it  se^ms  absolutely  necessary  to  jappro|Hri^ 
this  term  exclusively  to  the  graHUtic  eompctund 
whidi  is  posterior  to  tjbe  secondary  strata.  In  n 
geological  arrangement,  like  the  preseDti  it  iSf 
at  any  rate,  indispensible* 

Granite  therefore,  <^onsists  fundamentally  of 
quartz,  felspar,  mica,  and  hornblende,  vaitoiislgr 
combined.  But  other  minerf^  occf^nalljr 
enter  into  the  compQsijlion«  so  as  to  form  inte- 
grant parts  of  a  coffunon  mixture^.  They  aircu 
it  js  true,  compacatively  rare^  htnt  Ibey  cani;io| 
convemently  be  excluded  from  the  definition. 

These  minerals  c^,  actinoUte,  chloiit^  Uifii 
compact  fi^par,  and  steatite;.  This  )ist  might 
perhaps  be  extended;  but  the  description  o( 
nocks  hitlierto  published,  ave  so  unsatisfiMk^iy^ 
and  the  cc^lections  Avhicli  hav^  bwn  fom^ 
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either  00  in^ieffectorM  inaccenHble,  that  kap* 
pear9  preferable  to  le^ye  ^is  question  open  for  ■ 
Aiture  correctioiu  Those  minerek  therefoce 
which  are  found  entering  into  granite  so,  as  to 
modify  its  character,  are  enumei^ated  in  Wi  ap« 
pended  list ;  in  which  are  also  contained  all  those 
Miiich  enter  into  it  in  mimUer  proportions,  or  of 
lPi4iicfa  granite  is  the  natural  repository. 

Finally,  there  are  certeiin  compounds  of 
minerals,  of  a  granitic  character,  the  claims  of 
which  are  not  yet  determined  in  a  satia&ctory 
manner.  It  seemed  derirable  to  place  them  in 
an  appendix  for  future  correction,  rather  than  to 
run  the  risk  of  misleading  the  student  by  a  pre- 
matoretlecision. 

The  colours  of  granite  are  infinitely  varied. 
That  of  the  hornblende,  where  it  exists,  bdng 
invariably  blade,  or  an  extremely  daiic  greai,  it 
onlycontributeft  to  modify  that  of  the  rock,  by 
the  proportion  which  it  may  bear  to  the  other  in* 
gradients.  When  in  great  excess,  it  forms  com^ 
pomids^^  neai*ly  black.  In  pther  cases  it  produces 
variouB  tints  of  grey.  Grey  and  black  tints  aW 
arise  from  die  presence  of  black  mica.    But  this: 


Digitized  by 


Google 


mineral  is  idM  either  white,-  at  browii ;  iumI  it 
tims  productiTe  <4  corresponding  difGBmnees  in 
the  coioors  of  tfie  granite  into  whidi  it  enters. 

The  felspar  is  subject  to  a  greater  variety  of 
fane  than  either  of  the  otfier  ingredients ;  and,  as 
it  is  commonly  the  most  abundant,  it  often  reffOh- 
lates  the  coloiir  of  the  rock.  Dark  red,  and 
white,  are  the  most  conunon  extremes  of  colour, 
and  it  is  also  found  of  vaiions  intermediate  tints 
of  red.  Occasionally  it.  is  ochre  ydlow,  pale. 
grey,  blad^ish  grey,  or  nearly  black,  and,  in  one 
rare  instance,  green.  It  does  not  seem  well  as* 
oertained,  whether  those  Tarieties  which,  like 
that  of  Labrador,  disperse  coloured  light,  belong 
to  granite :  in  some  instances,  at  least,  it  appears 
certain  that  the  compounds  which  contain  them, 
afqpertain  to  the  oterlying  or  trap  fiunily. 

The  quartz  of  granite  is  most  commonly- 
white,  or  watery ;  and,  being  generally  the  next 
ingredient  in  proportion  to  the  felspar*  it  also 
aflttsts  m  many  cases  to  determine  the  colours  of 
the  cMdpound.  Occasionally,  it  is  also  gr^f  Jind 
smoke  coloured:  somethnes  nearly  blade.  It 
flwf  be  remarked,  in  conchidingtlns  part  of  the 
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sullject)  tfaat  each  of  Aelbree  precedwg  mjiien^ 
may  exist  of  cUff^r^it  cdours  in  the  ^$m0  oom» 
pound. 


SYNOPSIS  OF  GRANITE. 


FIRST   DIVISION* 
Of  two  ingredientB. 

A.    Felspar,  and  mica. 

This  variety  does  not  seem  to  -cons^tntd  ex* 

taisive  masses. 

B«    Qaartz,  tod  felspar, 
•su    Am  imiform  mixture  x>f  these  ingredient^* 
b.   The  quartZy  or  felspar,  or  both,  imperfectly 

«rystaHized  and  influencing  each  othei^s  forms.    Gra- 

pfaie  geaoite. 

This  remarkable  variety  seems  to  occur  tac- 
clusrvely  in  veinS)  particularly  in  those  which 
travense  gneiss.  The  quartz  and  felspar  which 
compose  it,  are  aggregated  in  lengthened  paftUel 
prismfl.  The  primaatic  structure  therefore  is 
Aeon  m  one  dipection^  white,  ia  the  reverse^  the 
peculiar  appearance  whence  the  term  is^erifodi 
becomes  visible*    That  appeirrancfc  is  ippodwad 
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by  ^tNH  Motion  0^  the  qmrtKprinia  TkHie 
«e  fr*)iMidy  tnangukr^  ocanioiiAlly  heai(g«Dttl 
aad  flUttcMd ;  abd  in  a  few  rare  instance^  tbe 
t^o  ihincrals  fern  attomatiilg  laminfB*  The  M- 
qMr  is  gi»eraUy  prddomioant ;  often  in  a  grttat 
dofrae.  The  i^zm  of  the  prisms  vaty  materially, 
and  hence  a  great  variety  of  aspect  In  soma 
rare  imtamceS)  where  cavities  exist  in  the  veins, 
the  ^artfe  is  found  with  pyramidal  summiia 
Tfarooghdot  k  whole  vein,  of  this  rpdi^  however 
Ititge^  it  will  gmierally  be  feund  that  a  comnMO 
polarity  perroded  tbe  felspar  {  orv  praettddly,  that 
the  corrtssponding  httttinca  reflect  light  at  the 
same  angle  over  a  wide  extent  of  irregular  surface. 
C.    Quartz,  and  borDblende« 

This  appears  to  be  merely  an  incidental 
variety. 

T).    Felspar,  and  hornblende. 

a    Lsrge  grsined^  or  tbe  iHnrttbleade  wyttaHized. 

b*  An  oaiibru  graaiilar  mixtar^ ;  lbs  rsspedlir^ 
isffredients  varying  materially  in  tbeir  sizes  and  pro* 
portions,  so  as  to  produce  a  great  variety  of  aspect. 

c  Intimately  mixed,  so  as  to  be  .aearly  utt^is* 
tiigluahaUek 

Var.b.  often  cesembles  the  greenstones  6f 
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the  trap  hmSfy ;  and  is,  in  fkct^  olily  diitinguifihed 
by  it  geological  connection  with  granite.  Var.  c. 
18 often 6imilak*ly undistiiigufehable  froni  basalt; 
Ylccasionally  from  the  non-fissile  homUende 
schjsts;  but,  like  var.  b.,  it  is  conneeted  with^ 
and  passes  into  granite  of  the  most  common  duu 
raeteiB. . 

These  varieties  occur  in  Aberdeenshire; 
wl^re  th^  are  connected  with  the  most  ordinary 
^^nmite,  subjacent  to  gneiss,  both  by  trancdtidn 
and  altamation,  in  a  manner  so  distinct  as  to 
leave  no  doubt  respecting  their  true  place  in  a 
geological  classification,  like  the  present. 

SECOND   DIVISION. 
Of  three  ingredients. 

A.    Qaartz,  felspar,  and  mica. 

a.  Aa  aniforta  mixture  of  tbe  different  iogre- 
dients. 

b.  DistiM^additioiial  crystals  of  fekparimbsdded 
in  llie  general  mixture:  porpbyriticgranite» 

Cornwall  presents  rery  remarkable  examples 

of  this  variety. 

c.  With  two  kinds  of  felspar,  the  common  and  tbe 
glassy. 


Digitized  by 


Google 


mukxmu  9S9 


d*  Th«  qoaiiB^  or  Ae  felflpar»  or  <ht  net,  or  til 
of  them  crystollized. 

Th]»  Yuriety  is  nerer  perfect,  as  it  contaiiis 
AeBaode  minerals  also  without  form.  It  often 
QODtains  sunute  cavities,  and  it  is  In  these  that 
the  crystds  are  niost  distinct.  BemMchie  in 
Aberdeenshire  produces  very  perfect  examples  of 
this  vari^.  The  varieties  of  aspect  in  A  are  in- 
Bumarabk ;  d^iending  on  the  relative  propoiv 
tjons  of  the  different  ingfredients,  on  their  vary* 
ing  magnitude,  or  their  colours,  and  on  the  di^ 
ferent  modes  of  intermixture. 

B.  Quartz,  felspar,  and  bornblende. 
a.    Large  grained. 

The  syenite  of  some  mineralogists ;  a  term 
here  limited  to  similar  rocks  in  the  overlying 
family.  In  Scotland,  at  least,  this  variety  appears 
as  common  in  many  situations,  as  var.  A. 

h.  &nali  grained,  and,  like  F.b.  Div*  Ut.  often 
resembling  tbegreenstones  ofthetrapfunily,  by  which 
oaine  some  mioeralogiits  have  also  distingnisbed  it. 

C.  Qoartz,  felspar,  and  actinolite* 

D.  Quartz,  felspar,  and  chlorite. 
£•    Quartz,  felspar,  and  talc. 
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Tbeie  Ibree  iMt^  imrietiM  Ara  iwr«f  but  they 
occur  in  different  parts  of  Scotland, 
F.    FdsfMir,A9F9|l>)ADde,andmi€a« 
This  y9ffkty  9wurs  in  th?  san^  manner  9s  !>,• 

THIRD   DIVISION, 
Of  fopr  ingredients. 

A.  Qqaijtz,  felspar,  mica,  hornblende. 

This,,  like  var.  B.  Div,  2d.  is  the  syenite  o^ 
9ome  .writei:^,  and  is  often  not  easily  distinguished 
from  that  variety,  particularly  when  the  mica  is 
black  and  not  abundant.  It  is  equally,  or  more, 
common.  Both  these  varieties,  like  all  the  others 
enumerated  under  this  head,  pass  into  the  var.  A. 
Div.  2d.  or  into  common  granite. 

B.  Quartz,  felspar,  mica,  compact  felspar. 
This  might  perhaps  be  arranged  with  .equsd 

propriety  under  var.  A.  Div.  2d.  the  latter  sub- 
stance being  considered  ftaqicfentil ;  .tbdcompact 
fetsps^r  is  often  of  a  bright  g^-een.  Occurs  in 
Guernsey  and  in  Scotland. 

C.  Quartz,  fdspar,  ^nica,  ac^oolite.  ^Rare,  and 
analogous  to  var.Aof.thi^ditisioii.  Occai:)^  in  P^rth- 
ubire. 
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TL    QoaitZy  febpar,  boinblende^  steatite. 
F.    Qaartc,  fehpar,  mica,  porcelain  clay. 

It  is  doubtful  whether  the  apparent  stefitite  of 
E  is  not  dec0ttipoeed  talc  or  chlorite.  The  por- 
celain clay  of  F  appears  also  to  be  the  result  of 
the  decomposition  of  one  variety  of  the  felspar  in 
its  structure.  When  the  mixture  is  ternary 
alone,  or  of  quartz,  mica,  and  cl&y,  it  is  evidently 
a  decomposed  rock  and  has  lost  its  compactness. 
This  rock  occurs  in  Oomwall. 

The  remarks  respecting  variations  of  aspect, 
made  on  var.  A.  Div.  2d.  are  applicable  to  all 
the  other  modifications  of  granite.  In  sonue  rare 
instances^  it  offers  other  varieties  of  a  very  pecu- 
liar character^  in  consequence  of  a  spheroidal 
concretionigffy  Jtracture,  of  which  the  orbicylar 
granite  or  Corsica  is  a  well  known  e^^ample. 
Many  vaneties  of  granite  contain  other  minenjs 
imbedded,  as  alreadgr  moticed  ;  and  the  following 
catalogue  contains  those  of  most  usual  oc- 
currence. 

Garnet.  Zircon. 

Cyaiike^  '  Fhior  spar. 
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Spodomene. 

mnM  AJS* 

Tofurmalin* 

CprandanL 

Schorl. 

Beryl. 

Tremolite. 

Topaz. 

Actinolite. 

Cbrysoberyl. 

Emerald. 

Epidote. 

Gabbronite. 

Apatite. 

Wemerite. 

Finite. 

.Pyropbysalite, 

Idocrase. 

Pyrites. 

Anthopbyllite. 

Oxyduloos  iron. 

Aiidalu9ite.    . 

Sphene. 

Stilbite. 

OxydeofTin. 

lade. 

Lapis  lazuli. 

Fettsteio. 

Graphite. 

A  few  of  these  only,  are  occasionally  so  abun- 
dant as  to  modify  the  aspect  of  the  granite  in 
which  they  occur:  the  greater  number  are  spar- 
ingly dispersed.  The  authority  for  such  im- 
bedded minerals,  here  and  in  the  following 
sybopses,  rests,  sometimes,  on  the  recorded  ob- 
servations of  various  authors  ;  at  others,  on  my 
own.  The  remarks  on  these  subjects  have  been 
every  wh^re  omitted  ;  partly  because  they  belong 
more  properly  to  systems  of  mineralogy,  and 
partly  because  they  would  materially  have  pro- 
longed these  pages. 
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I  am  uiukr  4he  necessity,  as  already  men- 
tioned^ of  introducing  into  this  synopsis,  in  Ibe 
manner  of  aa^qpfMUi^lx,  four  substances,  of  some 
of  which,  at  least,  the  places  have  not  been 
ttmroi^ly  described^  They  appear^  aa  far  as 
can  be  judged,  to  have  a  greater  analogy  to 
granite  than  to  any  other  &mily.  Hereafter, 
when  their  geological  connections  and  characters 
are  better  known,  and  when  it  is  determined 
whether  diey  are  really  entitled  to  places  among 
rocks,  they  may  be  removed,  should  it  prove 
necessary,  to  some  other  part  of  the  system. 

A.  Mica  and  compact  felfipar^  sometimes  contaio- 
iog  garnets.— »Weiss  steio — Wtutestone. 

It  is  possible,  that  this  substance  rather  ap- 
pertains to  gneiss ;  if  the  structure  is  schistose, 
as  is  said,  it  is  the  more  likely ;  but  the  only  spe» 
cimens  which  have  come  under  my  notice,  were 
niDt  characterized  by  that  structure. 

6.  Felspar,  quartz,  smaragdite — sometimes  con- 
t^ing  eyaoite  and  garnets— of  Styria  and  Corstca. 

C    Smaragdite  and  compact  felspar. 

D.  Splendent  Diallag^  (Schiller  spar)  and  com- 
pact felspar.— Of  Corsica,  &c. 

^JThis  rock  is  fontid  aecompanying  serpentine. 
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at  Mussinet,  near  Turin;  so  that  its  geological 
position  is  doubtful.  Tliere  are  reasohs  Ibr  stid- 
pectihgttiat  it  may  belong  to  the  trap  family. 

D.  Schorl  aod  quarta,  sometimes  with  felspar.— 
Schorl  rock  of  Corow^ ;  and  with  the  same  ge^6gfi€al 
relations  as  granite. 

This  might,  perhaps,  like  the  09inpomids 
,G,  O,  E>.  Div.  2d.  have  been  enitmeeated  m  the 
same  place. 
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SEaP£NTINE. 


Thbrb  is  so  little  accurate  inftorraaEtioQito  be 
Qbtaipedy  from  aiitliorB,  respecting  the  geological 
history  of  this  rock,  and  the  of^rtwiities  of 
^udying  it  ia  tbis  country  are  so  few,  th^  I  caur 
not  pretend  to  give  ranch  satv^M^ry  information 
respecting  it. 

M.^  40  has.yet  |)een  ascertained,  jit  occur* 
almost  exclnsively  among  tiie  primary  rodts^ 
^  is  tbeic^fiore  properly  placed  in  the  present 
diTHuon.  It  di>es  not  ^pp«ar  to  be  ever  decidedly 
stratifi^,  or  to  alternate  in  such  a  maimer  with 
the  primary,  stiata  in  which  it  Ijes  as.  to  give 
gjround  for  supposing  that  it  is  a  stratified  su)b« 
Glance.  It  p;;«iKnts,  at  the  same  time,  one  strik- 
ing^ 4i0erencejinone^  the  upntratified  rocks,  which, 
of  iwbfttever  date  they  may  he,  are  connected 
:witb  iN^ns  that  branch  irmnthem  into  the  sur- 
rounding strata.    Np  wias  ibave  yet  been  de« 
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tected  ramifying  from  masses  of  serpentine.  As 
far  as  is  yet  known,  it  seems  to  form  irr^ular 
masses  included  among  the  primary  strata,  and 
resembling  those  which  are  sometimes  fbmid  in 
the  primary  limestones.  Rarely,  it  is  inchidad 
immediately  in  gi*anite,  occurring  in  that  situa* 
tion  in  Aberdeenshire. 

These  masses  vary  in  size,  sometimes  extend- 
ing  lor  miles,  and,  at  others,  not  exceeding  a 
few  feet  in  dimensions.  In  the  latter  case,  :^ey 
Arequently  put  on  a  parallel  figure,  determlaed 
by  that  of  the  strata  in  which  they  lie,  but  not 
persistent,  inasmuch  as  they  are  extenuated  at 
the  edges  till  they  €Ksa4>pear. 

l*he  strata  among  which  masses  of  i;erpentine 
occur  in  this  country  are  cImAy  gneiss,  argiHa- 
ceo«is  schist,  hombtende  rock,  and  limestone ; 
it  is  also  found  rarely  and  sparingly  in  micaceous 
schist.  In  the  case  of  their  contact  with  aiigilla- 
ceous  or  micaceous  schist,  et  change  of  the  in- 
cluding rock  takes  place  neai*  the  junction,  by 
ttie^tervention  of  Hhe  talc  which  is  so  oftetl  as- 
sociated with  this  substance.  In  the  same  way; 
the  neighbouring  masses  of  gneiss  assume  a  pe- 
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ciiliar  dnracter,  which  is  noticed  in  the  Bynopsii 
^  tkttit  rock.  When  they  occnr  in  contact  with 
KinefAone,  the  two  rabBtanees  are  frequentljr 
much  intermixed ;  reins  of  the  carbonat  of  lime 
penetrating  the  Mrpentinet  or  fragments  of  hofti 
being  ^xNifiMedly  blended  together.  When  the 
contact  is  that  of  hornblende  rock  with  serpen- 
tiiie«  a  perfi^ct  gradatioa  between  the  two  can 
soiaaetiaaes  be  traced* 

There  is  one  interesting  situation,  in  the 
secondly  class,  in  which  serpentine  occurs,  al* 
though  two  examples  only  of  it  have  fellen  under 
my  notice,  and  it  has  not  been  observed  by  other 
geologists.  In  both  these  cases,  veins  of  trap 
pass  through  stmta  of  secondary  limestone,  and 
where  the  van  is  in  contact  wilb  |he  limestone, 
it  changes  its  character  and  becomes  a  serpen-  * 
tine,  while  it  also  contains,  in  those  parts,  the 
minends  usually  found  in  that  rock,  namely, 
asbestos  and  steatite;  The  limestone,  at  the 
planes  of  contact,  also  contains  steatite  ;  and  dius 
a.  species  of  irregular  gradation  becomes  este^ 
blished  between  the  trap  and  the  limestone.  The 
gradation  from  the  serpentine  to  the  trap,  inthin 
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Hie  Vein,  is  perfett  atiitl  in^nsibli.  Thifi  fiict 
My  pierhit'ps  assist,  at  fitome  fUture  peribiri,  in 
fliiisfrating  ffae  real  iiatoi^  of  d  fodt  6f  Whidh  We 
are  noT(^  ignontot. 

AJfthough  tbi^  Vii'rtetiejr  tti  ilk£«i^p^«f  ser- 
pendpe^  are  inniimefafale;  dnd  kh&l^  Mtemribly 
sinking  fhaii  in  most  otfae^  rocki^,  tbe  teal  dif- 
fiances  in  the  essential  character^  hrt  very 
limited.  It  is  always  easdy  ^tingnit^ihed  by 
{he  circumstances  already  motioned  in  tiie  ^r« 
t^nth  chiBipter,  and  bjrthe  details  tff  tlie  sub- 
joitied  catalogue. 


^s^ 


SVNOPSIS   OF   S£RP£NTiN6. 


First  Division. — Opake. 

A,    CoQunon  serpeatine. 

a.    With  an  eaitby  uniform  fracture. 

i>.    Witli  a  spli^tieiiry  frkcture,  pass^j^  U>  tte  cbta- 

c    Witha^plintery  fracture  passing  to  the  gfa- 
nuliir« 
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B.  %>ftery  ai^d  befoi)iiing  gradually  Pfc^le:  the 
potstone  of  some  mioeralogisto. 

C.  PassiDg  to  indurated  talc:  Che  polaCDne  of 
otheN,  and  eiMUuerated  madev  the  kead  of  takoa» 
scbiat. 

GoounDB  aeipentine  is  noted  for  tbe  variety 
of  its  coloonii  whickaie  ebther  miiple,  or  jwt* 
lAaaAf  intermingled^  in  elou^s^  spots^  mr  yeitis* 
The  pfeniliiig  colours  are,  ffp^tn  of  various 
hues,  black,  brown,  dark  red,  and  purplish 
brown:  3iellow, pink,  lilac,  and  pale  gre^9  are 
more  rare.  The  vanslioiis  whsch  result  fron 
the  adooixtures  of  these  in  different  nod^  are 
infinite.  It  varies  fivther  in  aspect,  frrai  being 
intersected  by  veins  o^*  noble  serpentine,  steatite, 
asbestos,  or  c^car^uf  spar,  or  from  CQi^ning 
the  inibedde4  minerals  to  be  ennaaeratcd  at  the, 
end  of  this  article. 

Second  DfVitioN, — Trar^nefff^^ 

A.    Noble  serpentine  of  some  mineralo^^ 

a»    Foliated  and  splintery. 

fh    fi9ni#»<*45^torfpIii\liiyc^^^^^ 

The  colours  of  this  variety  are  oure  iMNtcrf, 
and  are  gaierally  the  following  wodtfifistiimii  of 
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green:  daik  olive,  pale oliv^,  dark,  or  bright 
yellow,  greeni,  aiid  jmle  greyish  green.  ,  It. also 
oecufs  of  a  pale  fawn  col<Mir,  and  white ;  and 
there  is  an  esteemed  variety  consisting  of  bright 
aiid  very  dark  green  intenhiSLed.  Tnmdudent 
serpentine  passes  into  ctminion  stei^tite,  tod  into 
hard  steatite,  or  figure  stone  ;  nor  does.it  appeal* 
to  have  a  much  greater  claim  than  these  minerals 
to  a  place  in  the  catalogue  of  To6ks. 

The  minerals  which  chiefly  occur  imbedded 
in  serpentine  are  the  ibllowing,  and  some  of 
them,  besides  diallage,  in  such  abundai^ce  9S 
matenally  to  modify,  the  diaracterof  the  rock. 


Diallage* 

Pyrope. 

Asbestos. 

Calcareotis  spar. 

Amlaatkus.. 

Sduefar  spar. 

Stei^ite. 

Oxydulous  iron. 

Hornblende^ 

Chromatof  iron. 

ActiBolite. 

Hydrophane  opal. 

Tremeltte. 

Ohftj^solite. 

Talc,> 

Idocrase. 

Jade, 

Rodi^,  composed  of  serpentine  and  carbonat 
^f  Kme,  afe  fonnd  ci  considerable  extieift,  (^ 
whioh  the  verde  antico  is  a  atrikiog  variel;yt  • 
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GNEISS. 


The  space  occupied  by  gneiss  is  often  very 
considerable ;  and,  in  many  countries,  it  is  found 
to  be  the  most  abundant  of  the  primary  stratified 
rocksj  constituting  extensive  districts,  and  rising 
into  mountains  of  great  elevation.  In  such 
cases,  it  sometimes  forms  masses  of  enormous 
thickness,  without  any  intervening  strata  of 
another  nature. 

In  such  situations  it  is  often  found  imme- 
diately following  granite,  and  succeeded  by  the 
other  primary  strata.  But,  as  already  noticed, 
it  is  also  frequendy  observed  to  succeed  one  or 
other  of  these,  or  to  alternate  in  large  tracts 
with  tracts  equally  extensive  of  many  of  them. 

Besides  these  more  extensive  alternations,  A 
large  body  or  series  of  strata,  consisting  prin- 
cipally of  gneiss,  often  contains  a  number  of 
alternating  strata  of  other  rocks  in  much  in* 
ferfor  proportion.    The  mpst  common  of  these, 
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as  already  noticed,  is  horablaide  schist ;  but 
quartz  rock  and  micaceoui;  schist  are  also  not 
uncommon  ;  and,  though  much  less  frequent 
argillaceous  schist  is  kn^wn  to  occur  in  a  similar 
manner.  Such  beds  have  been  called  ^u&orc^ 
note;  a  distinction,  the  propriety  of  which,  how* 
ever  questionable  it  may  be,  is  not  a  subject  for 
discussion  in  this  place ;  although,  in  geological 
descriptions,  it  is  often,  not  only  convenient,  but 
necessary,  to  consider  a  saries  of  this  nature  as 
gneiss,  and  to  omit  aH  notice  of  these  inferior 
strata. 

The  dimenrions  of  the  strata  of  gneiss  are 
extremely  various.  They  are  generally  vCTy 
considerable  where  they  do  not  alternate  with 
the  other  strata  already  mentioned  ;  but  where 
hornblende  schist,  in  particular,  abounds,  they 
are  often  very  thin.  Where  they  are  not  sepa- 
rated by  the  intervention  of  these  and  similar 
strata,  the  distinctions  between  the  different  beds 
are  generally  formed  by  some  change  in  the  pro- 
portions of  the  ingredients,  and  principally  <by 
variations  in  those  of  the  hornblende  or  the 
mica. 
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Atthdagb  gAeiflS  wa  itratified  Mdi^  Ae  teu 
Vend  ^ttfdtie*  of  which  it  ^oBusta,  iimmnt  tint 
dispbfltfth>ii  ki  tery  difli»[^eftt  dtgVMt;  When 
^  Unttafe  10  cddMriy  granukr,  »d  reMiibKng 
that  of  granite,  the  strata  are  genm&y  lent  4^ 
ftn^ ;  md,  in  some  sudi  ciMSy  fttttiadarly, 
wfa«if  it  abrahdB  in  gmnite  Temi,  it  i»  diftodt 
ftl*aii  inex^Henoed  ^e  to  dietiogiiiih  it irpai 
in  ifNgQlargraAitic  mate.  ' 

THe  wnle  dilHcfiiity  MmetitM^  octOA  wheie 
it  is  very  irregular  in  poaitiiia  t  «itll«r  frMa  a 
fHscordtot  imlinatidB  of  ttie  approkimalt  por- 
tion#,  oi^  from  flexanes  and  «otitoitioiili.  The 
diffltUlif?  18  iti  this  case  ificfeAiii«l  by  the  ciK«iii« 
stMceiittit  wdh  t^regularitien  pretall  moit  where 
ji;VMiite>eitasare  noit  abundkittt,-  m^  mfrehis  the 
(HnKtoahMi  hence  i^Merated,  4iat  it  oAen  recfmret 
^  €if^  loi  no  smMl  texperieftofe  «»  distiag«ih 
between  the  \«ki  and  the  incttdiiig  tniM(  or 
14  determine  wfiat  is  ^faoite  and  what  is  ^pMiss. 
iFwrdier,  the||Vairfte^iibat««at«ieGfltebrlly 
masverbe  «o  the^ttataer  taoliiote,  tot^fften  He 
i^bparaUel  manaeis  m-m^  ibr  ifhurt «)pti€M,  to 
resemble  portions  of  the  stratified  trtnitstune  of 
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the  gneiss  itselfi  Such  parallel  vdns  are  ^dme- 
times  mistake  for  beds  of  stratified  gFanite, 
when  of  considerable  dimensions,  or  when  car^ 
has  not  beeti  t^en  to.  trace  their  real  nature  and 

GOOQIN^OnS. 

The  stmtification  wf  diose  ma$set  of  godss 
wfaidb  contain  few  granite  veins,  is  commonlj 
very  regular  and  discernible ;  and  this  r^r^arity 
of  stratification  will  be  foun^  chiefly  to  prevail 
m  the  .two  varieties  distii^ished  here  by  tiie 
terms  echi^tose,  and  laminar. 

Ilie  contortions  of  gneiss  are  often  extremefy 
remarkable,  and  th^  occur  on  a  very  large,  as 
well  as  on  a  ismall  scale.  Where  homMend^ 
schist  alternates  with  the  strata,  they  are  resH- 
dered  tery  (xmspicuous  by  the  contrast  of  colour 
betlveen  the  two  rocks.  In  some  rare  iqstaKces, 
a  sudden  change  occurs  in  the  position  of  the 
laminae,  as  if  the  rock  htMl  be^i  fractured,  and 
the  parts  reunite  at  an  angle  to  eitch  oth^.  It 
mu^t  be  remarked,  hc^ev^,  that  the.contortions 
of  gneiss. srejeldom  sonodnuteas  to  be  com- 
prised, like  those.  <tf  nsdcaceous  schist,  within  the 
limits  of  a  specimen. 
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The  ymrkties  comprehended  under  the  temk 
gneks  are  m  oongiderable,  that  no  general  de- 
amption  of  the  structure  of  die  atone  caii  be 
giyen :  it  is  necessary  to  describe  separately  that 
of  each  yariety.  The  three  marked  varieties  of 
atructere  may  be  comprised  under  the  granitie, 
tbe  scfantoae,  and  the  laminar. 

The  granitie  variety  is  distinguishable  by  Ms 
.gi^ieral  reaopabbnce  to  gfanite,  which  it  also 
emulatesria-  the  ii^nite  variety,  intermfxfure,^ 
magnitude,  and  proportion  of  the  several  in«- 
gr^euts.  Aa  aliseady  renvpuiced,  it  frequently 
passes  into,  granite  by  an  undefinabie  transition  : 
an4i  b>oth^this  tninsition,  and  the  resemblance  to 
tl^  gqmitic  character,  occur  chiefly  in  thoiie 
caoes  where  the  beds  of  gneiss  are  in  the  vicinity 
of  granite..  At  the  point  of  junction,  the  two 
rooks  are  som^imes  uadi^nguisfaable :  and  a 
similar  gradation  often  exists  in  those  parts 
which  are  traversed  by  granite  ^ins.  The  dis- 
tinction, as  already  maationed  in  treating  of 
granite^  consists  in  the  general  parallelism  of 
tbe  miea^  or  o£  die  hornblende ;  or  else  of  some 
other  ingredienis;   from  which  cause  the  rock 
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lions  i»f  afcjutt^d  iiti:uctuite^  Aa  t|iat  stmetans 
l^eomes  ;iiipre.ppr^t9  ,¥t  rie^ed^  fbrtber  froai 

in  Ibe  ty tiisteig  '^^f^ty^  the  tastore  is  couih 
mwfy. iimRttt«,  ^JiMle. jtbe  ipositioii  ^f  ithe  several 
minends  above  iQfiEiU(iii^»  is/mo^dccumtdy 
^i^llel.  ;  J{fw»:  Hm  iQodc  is.i^BMfitiabrajrs  very 
rmdily  ifisstle ;  and,  in  xK)iDe  Jnstasees  indea^ 
p649«MM:d)iS  qm^  be 

^pjioibte  to  th^  mmt  purposes  .as  MfflltermHP 
schffft.  This  tariety  passes  mto  cjpiartzitMd^  1^ 
;theJoss  of  itSitfikiEi,  or  ^ Jiornblende,  or,  some- 
tii9€0,  of  III  felspar  aiso;  and,  in  this  case,  its 
structure  isiconvmaily  mme  granular  thm  ;wheti 
it  passes  into  nieftoeoos  sdhirt.  When  it  gm- 
dnales  1^0  th(^  latter  ro^k^  by  the. loss  ^  its 
fdbpar^  it  iaganttally  Mrytdistindly  hniaar  or 
schistose. 

Hie  tf90  ipreottliog  Tarictics  are  ttfae  most 
abuodaat  The^  faMnar  »  mm,  hatit  oocurs  in 
aewml  parts<of  Scot]and^tas,iim«uuH{rie9  tn^Slq^ 
and. in  ^Urdga^r.  Iniitibis  variety,  earitcoi^ 
stituent  mineral  m  diapaaed  sepanteiy,  m  laminae 
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Marty  coMiBuom ;  and,  m  the  quartz  nai  the 
'<e^)ar  are  the  predominant  tmbstaiiees,  it  10 
marked  by  eomiderable  peculiarity  of  aapect ; 
particaharly  when,  aa  ia  not  unfrequent^  the  fins 
4iier  is  white  and  the  latter  red,  orwhen^ieir 
colours  are  in  any  other,  manner  itrongfy  con- 
trasted. When  perfect,  the  kniiaar  taritjty  pre- 
sents no  trace  of  a  gftfnular  structuffe ;  ibat  ft 
^passes  into  both  of -Uie  ppeceding,  and  thus  loses 
lis  definite  character.  Althoi^  so '  decidedly 
laminar  in  composition,  it  is  £ir  less  fissile  ^ban 
the  preceding*  variety. 

In  coteposition,  gneiss  fimdamentally  resem*- 
Mes  granite  ;  or,  the  prevailing  minerals  which 
Mter  into  it  are  qoartz,  felspar,  mica,  and  bomr 
blende.  To  describe  the  mode  n  which  these 
We  eombined,  would  be  merely  to  repeat  that 
which  has  already  been  said  under  the  head  of 


But  there  is  one  important  variety  in  which 
<»mpact  felspar  forms  nn  essential  and  amq>i* 
ciiOos  *  JBgradfent,  and  to  which  granite  affords 
BO  parallel .  Thit  roek  has  been  without  scruple 
^talked  in  ihh  divkion,  i)ecause  it  accompanies 


Digitized  by 


Google 


256  GNiSI89. 

the  ordinary  varieties  of  guetss,  and  also  gra- 
duates into  them.  It  does  not  appear  to  have 
been  described  by  foreign  geologists ;  but  it  can- 
not be  considered  as  an  accidental  rock,  as  it 
forms  exterior  tracts  of  country  on  the  north* 
west  coast  of  Scotland. 

It  must  also  here  be  observed,  that  there  have 
been  introduced  into  the  synopsis,  several  com- 
pounds formed  of  other  ingredients  than  those 
now  enumerated  as  the  constituents  of  gneiss. 
The  reasons  for  this  are,  that  these  compounds 
alternate  with  and  pass  into  the  more  ordinary 
varieties  of  thdit  rock,  and  that  no  other  place 
exists  in  which  they  can  be  arranged.  A^  yet, 
they  have  either  been  overlooked  by  geologists^ 
or  classed  with  those  other  rocks  to  which  thejr 
are  also  allied.  In  the  present  very  imperfect 
state  of  our  knowledge,  it  seems  impossible  to 
adopt  a  better  arrangement ;  but,  to  accommo- 
djBrfe  the  student,  such  varieties,  both  here  and 
elsewhere,  wherever  th^  trespass  on  the  charac- 
ters of  some  other  rock,  or  occur  as  parts  of  other 
series,  will  be  found  enumerated  in  twb  place& 
Such  a  superfluity  appeared  preferable  to  the 
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limitation  of  a  given  rock  to  one  place,  when  it 
exists  in  two. 

As  in  granite,  many  minerals  arie  found  im- 
bedded in  gneiss,  in  greater  or  less  abundance : 
and  these,  as  in  the  former  case,  are  enumerated 
in  an  appended  liBt. 

The  colours  of  gneiss  vary  from  the  same 
causes  which  influence  those  of  granite ;  and  to. 
repeat  these  would  be  superfluous.  It  may  only 
be  added,  that  the  peculiar  structure  of  this  rock, 
by  frequently  causing  the  several  colours  to  be 
disposed  in  stripes,  produces  a  much  greater  diver- 
sity  of  aspect  in  a  series  of  specimens,  than  can  be 
found  in  a  collection  of  granites. 


SYNOPSIS  OF  GNEISS. 

FIRST  DIVISION. 
Op  regular  composition,  ccmtaining  at  least 
three  of  the  four  minerals,  quartz,  felspar,  mica, 
and  homblende. 


Digitized  by 


Google 


S58  6NE1S8. 
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FIRST  SUBDIVISION. — Granitic. 
Resembling  granite,  i.  e.  large  grained  and 
often  losing  the  foliated  structure. 

A.  Quartz,  felspar,  mica. 

B.  Quartz,  felspar,  hornblende. 

C.  Quartz,  felspar,  mica,  hornblende. 

These  varieties  abound  jn  Lewis,  Harris,  and 
the  associated  islands.  They  sometimes  contain 
superadded  crystals  of  felspar,  thus  forming  the 
porphyritic  gneiss  of  some  authors. 

SECOND  SUBDIVISION. SchistOSC. 

The  structure  foliated,  like  that  of  micaceous 
schist,  or  granular  with  a  slight  laminar  tendency^ 
like  that  of  quartz  rock  : — ^fine  grained. 

A*  White  felspar  and  quartz  in  minute  grains  in- 
timately mixed^  with  rare  scales  of  mica.  The  position 
of  the  mica  determines  the  foliated  structure,  which  is 
however  often  so  very  indistinct  that  the  specimens  can 
scarcely  be  distinguished  fr#m  quartz  rock. 

B.  The  mixture  of  felspar  and  quartz  finely  gra- 
nular as  in  the  former,  but  the  mica  so  abundant  as  to 
cause  it  to  resemble  certain  varieties  of  a  nuciiccous 
schist. 

C.  The  mica  so  abundant  as  to  form  distinct  con- 
tinuous laminaB;  and  asvin  these  cases  it  is  often  rerj 
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difficalt  to  distinguish  the  felspSr  Arom  the  quartz,  the 
specimens  are  easily  coofoimded  with  common  mica- 
ceous schist« 

D*  A  schist  of  foliated  mica,  with  interspersed 
and  large  irregular  crystals  of  felspar  $  the  quarts  being 
scarcely  discernible. 

£•  An  undulated  coarse  schist,  consisting  of 
large  grains  of  felspar  and  of  quartz  closely  packed 
and  connected  by  the  smallest  possible  quantity  of 
mica.  Occurs  in  the  argillaceous  series  of  the  High- 
land southern  border  in  company  with  micaceous  schist 
of  the  same  structure  and  appearance. 

It  may  be  added  that  the  whole  of  this  sub- 
division presents  transitions  from  gndss  into 
quartz  rock  and  into  micaceous  schist.  Where 
the  felspar  is  red  they  are  easily  distinguished: 
wfaen^fhite,  it  is  much  more  difficult  to  recognize 
them.  I  may  also  add  that  hornblende  is,  as  in 
.the  first  subdivision,  an  occasional  ingredient, 
and  that  this  subdivision  also,  is  occasionally  por- 
phyritic. 

This  variety  occurs  abundantly  on  the  west 
coast  of  Scotland,  in  Rannoch,  and  in  the  middle 
Highland  districts  of  Atholl  and  Badenoch« 
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THIRD  SUBDIVISION. — Laminar. 
Each  substance  occupying  a  distinct  lamina^ 
the  quartz  and  the  felspar  being  separated ;  some- 
times r^nainingin  contact^at  others  being  divided 
by  intervening  laminae  of  mica  or  of  hornblende: 
the  quartz  frequently  puts  on  the  muddy  aspect 
6f  chalcedony. 

A*    Qciart2  and  felspar  in  altematiDg  lamineB :  be- 
loDging,  with  D,  strictly,  to  the  third  diyision. 

B.  Quartz,  fekpar  and  mica,  similarly  alternating. 

C.  Quartz,  felspar  and  hornblende,  disposed  in 
the  same  manner. 

D**  Felspar  and   hornblende  in  alternating  Ia« 

£•    Quartz,  mica  and  hornblende ;  the  two  latter 
generally  in  one  lamina* 

The  varieties  A,  B,  are  abundant  in  Glen  Elg, 
Ropa  and  Ardgower;  the  third  occurs  occasion- 
ally in  various  situations.  The  quartz  is  also 
found  alternating  with  mica  only,  or  with  horn- 
blende only,  in  the  same  situations;  but  it  is 
scarcely  necessary  to  specify  these  varieties,  as 
they  appear  to  be  very  limited  in  extent 

In  varieties  C,  D,  the  felspar  often  assumes  a 
very  peculiar  aspect;  consisting  of  crystalline 
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frains  compacted  together  into  adc^nse  and  noine- 
what  granular  aggregate,,  and  having  often  a 
gkMjr  lustre.  The  rocks  of  this  character  are 
more  easily  recognized  than  described;  and  they 
abound  on  the  west  coast  of  Sutherland  and  Ross- 
shire. 

With  respect  to  the  first  diricdon  I  may  add, 
that  the  several  varieties  enumerated  under  it  are 
occasionally  found  passing  into  each  other,  in  all 
situations  where  gneiss  occurs;  notwithstanding 
the  leading  prevalence  of  one  or  other  of  the  sub* 
divisions. 


SECOND  DIVISION, 


Of  irregular  composition,  containing  compact 

felspar,  and  consisting  of  that  substance  united  to 

some  or  all  of  the  orclinary  ingredients  of  gneiss. 

In  structure  it  sometimes   resembles   common 

gneiss,  but  more  frequently  its  fracture  is  like  that 

ofthe  non-fissile  schists;  presenting  no  indica^ 

tion  of  laminie. 

As    Compact  fekpar  with  komblende.    This  alto 
occurs  as  a  variety  of  bornblendfi  schist. 
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9«  Compact  febpar  with  quartz ;  in  yerioHs  ^uh 
portions^ 

C.  Compact  felspihr  and  chlorite :  with  ^eiss^in 
North  Uist,  Occurs  riao  as  a  member  of  the  chlorite 
•erifs  of  Argyllshire, 

Df    Compact  felspar^  with  quartz^aod  mica. 

E.  Compact  felspar,  with  quarts  and  horaUende, 
or  with  mica  superadded, 

T,  Compact  felspar  supsittddedy  in  various  ways, 
to  any  of  the  preceding  varieties  of  gneiss  which  coa- 
tain  common  felspar  also. 

The  substances  ranked  in  this  division  are 
frequently  traversed  by  veins  of  compact  felspar, 
often  reticulating  in  an  intricate  manner,  and  so 
numerous  as  to  form  a  large  proportion  of  the 
rock.  The  predominant  colours  in  the  compact 
felspar  are  various  shades  of  grey,  but  green  is 
also  very  conmion.  •  They  occur  abundantly, 
•ometimes  in  connexion  with  the  varieties  of  the 
first  subdivision,  in  Sutherland  and  Rodsshire  ; 
and  are  also  found  in  North  Uist  and  West  Rona, 
wha^  they  are  connected  widi  and  pass  into 
M^lbceous  schist  $  forming  a  compound  inchided 
in  the  next  division. 


Digitized  by 


Google 


THIRD  DIVISION. 

Of  irr^alar  composition,  being  either  defi- 
cient in  the  number  of  ingredients  required  to 
meet  the  definition  of  gneiss,  or  containing  some 
substance  not  included  in  that  definition. 

A«  Quartz  and  felspar;  simpljr  lamiiiar  and  at 
the  same  time  granular.  The  foliated  disposition  here 
results  from  the  crystalline  position  of  the  felspar. 

B.  Hornblende  and  felspar,  foliated  and  some- 
times  imperfectly  schistose.  Analogy  and  geological 
connexions  claim  a  place  here  for  this  rock ;  it  is  how- 
ever the  primitive  greenstone  of  some,  and  the  horn- 
blende schist  of  other  authors.  It  is  also  described 
under  the  head  of  hornblende  schist* 

C.  Felspar  and  mica. — Lewis,  &c. 

D.  Felspar  and  clay  slate. — Isla,  Lewis. 

£•  Felspar  and  chlorite  schist. — Gigha,  Sky* 

F.  Felspar,  quartz  and  chlorite  schist. — Sky. 

G.  Felspar,  quartz  and  clay  slate. — North  Uist« 
H.  Felspar,  quartz  and  talc. — Scalpa,  (West.) 

I.  A  granular  mixture  of  felsp^  and  quartz  in 
one  lamina  and  clay  slate  in  another. 

K.  The  same  with  chlorite  schist  instead  of  day 
slate.— Sky. 

L.    The  same  with  grey  wacke  schist,  ditto. 

M.  Compact  quartz  with  imbedded  grains  of  fel- 
spar, in  one  lamina,  and  the  same  schists  in  the  other.-— 
Sky. 
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N.  ScUitose  fehpar  containiiigcryvtakof  hom* 
blende  interapened. — Glen  Tilt. 

O.  Actinolite  occupying  the  place  of  faornbl^ide. 
— Sutherland. 

P.  Compact  felspar,  argillaceous  schist,  and  any 
x>ne  or  more  of  the  other  ingredients  of  gpieiss.— Lewis, 
Loch  Carron, 

Of  all  these  I  may  remark,  that  the  geological 
position  and  general  features  are  the  same  as  those 
of  the  most  ordinary  gneiss,  and  that  they  often 
pass  into  the  regular  yarieties.  It  is  perhaps 
superfluous  to  remark,  that  although  I  have  t{ius 
distinguished  the  varieties  of  gneiss  by  fixed  divi* 
sious,  there  are,  as  in  all  cases  of  compound 
i-ocks,  intermediate  gradations  which  cannot  be 
decidedly  referred  to  either.  But  I  may  observe 
that  many  other  combinations  probably  exist,  and 
that  an  ideal  catalogue  of  much  gi'eater  extent 
might  easily  hav6  been  formed.  The  present 
enumeration  has  been  rigidly  limited  to  the 
varieties  actually  observed. 

No  division  is  here  made  of  those  varieties 
which  contain  occasional  minerals,  however 
abundant,  or  in  whatever  manner  disposed. 
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The  foUowing  are  those  of  most  usual  oc- 

"currence : — 

Epidole.  CarboDEtof  time* 

Garnet.  Zircon. 

Actinolite.  Toannalin. 

Quartz.  Melanite. 

Felspar.  Idocrate. 

Hornblende.  Oxyduloos  iron. 

Finer  spar.  Molybdena. 

Garnet  and  Epidote  are  sometimes  so  abun- 
dant as  to  modify  the  character  of  the  rock.  The 
quartz  and  felspar  present  various  colours  and 
diaracters ;  more  so  than  in  any  other  rock  in 
which  they  occur. 

Many  other  minerals  have  been  occasionally 
described  as  found  in  gneiss,  but  the  true  reposi- 
tories of  these  appear  to  be  the  granite  veins:  or, 
at  least,  sufficient  care  has  not  been  taken  so  to 
distinguish  between  the  two  cases,  as  to  admit  of 
their  being  here  enumerated.  The  preceding 
list  includes  those  which  have  been  observed  in 
the  gneiss  itself. 


It  does  not  appear,  that  the  geological  rela- 
tions of  the  Topaz  rock  of  Werner  have  been 
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satisiactorily  ascertained ;  but  I  am  induced  to 
give  it  a  place  here,  in  an  appendix,  from  its 
foliated  structure  and  general  characters.  To 
whatever  family  it  may  belong,  it  appears,  at  any 
rate,  to  have  no  claim  to  a  separate  place  as  a  dis- 
tinct geological  formation. 

It  is  a  compound  of  quartz,  schorl,  mica,  and 
lithomarga,  or  of  quartz,  schorl,  and  lithomarga, 
containing  topazes  imbedded. 
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MICACEOUS  SCHIST. 


The  uncertain  position  of  micaceous  schist 
with  respect  to  the  other  primary  rocks,  has  al- 
ready been  stated  as  &r  as  is  necessary  for  the 
objects  of  this  work*  Like  gneiss^  it  generally 
forms  extensive  tracts  of  country  and  ranges  of 
high  mountains^  but  is  sometimes  also  found  oc- 
cupying rery  small  spaces,  in  alternation  with 
other  primary  strata*  The  consecutive  beds 
therefore,  ODustitute,  in  wxm  cases,  masses  of 
great  thicl^ness ;  while,  in  others,  they  may  be 
found  not  exceeding  a  few  feet  in  dimensions^ 
and  forming  a  very  unimportant  part  of  some 
series  composed  principally  of  other  subf^tanc^. 
In  gneiss,  as  already  shewn,  it  sometimes  occurs 
in  beds  of  very  inferior  dimensions  ;  and,  in  the 
same  manner,  it  is  found  accompanying  quartz 
rock,  with  which  i\  is  often  very  extensively  as- 
sociated, as  will  be  more  particularly  detailed 
hereafter* 
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The  individual  strata  in  a  series^  are  equally 
variable  in  dimensions,  but  are  most  commonly 
very  thiek  where  that  series  contains  no  inter- 
vening substance.  They  are  often  indeed  of  a 
thickness  so  great,  and  are,  at  the  same  time  so 
imperfectly  defined  or  separated,  thatthe  stratified 
nature  of  the  rock  is  only  to  be  deduced  from  a 
knowledge  of  its  general  characters,  and  not 
from  any  appearances  visible  in  the  spot  under 
examination.  The  difiSculty  of  determining  this 
point  is  greatest^  as  in  gneiss,  where  the  disposi- 
tion of  the  beds  is  least  regular,  or  where  they 
are  much  bent  or  contorted. 

When  the  beds  of  micaceous  schist  are  not 
separated  by  any  intervening  rock,  they  are  dis- 
tinguished, like  those  of  gneiss,  by  some  change 
in  the  proportions  of  the  constituent  parts,  and 
the  actual  separation  takes  place  where  die  mica 
18  most  abundant. 

The  flexures  above-mentioned  as  occurring 
in  this  rock,  are  often  so  great  as  to  amount  to 
contortions.  But  in  mcmy  cases  of  contortion, 
where  the  intricacy  and  minuteness  of  this  struc- 
ture is  very  considerable,  this  feature  appears  to 


Digitized  by 


Google 


MICACBOU8  SCHIST.  260 

be  i  ndependent  of  the  bed,  and  to  involve  the 
]aaa.in8e  of  which  the  stratum  is  formed,  without 
^^^fe<:^■^ing  the  stratum  itself.  Many  interesting 
gM>1<^eal  considerations,  not  admitting  of  exai> 
ii^x:iCi.tion  in  this  place,  are  connected  with  this 

wil>i«ct. 

In  all  cases,  whether  straight  or  contorted, 
Wte    structure  of  micaceous  schist,  like  that  of 
P^^as,  is  foliated,  or  laminar;  and,  as  in  that 
^"^^^^9  the  laminae  are  more  or  less  easily  sepa^ 
'**^^,  or  the  rock  is  more  or  less  easily  fissile, 
'^^^^^rding  to  the  proportion  and  mode  of  dispo- 
^'ttoo  in  which  the' mica  enters  into  the  com- 
pound.   In  some  instances,  it  may  be  separated 
^*^*o     slates  adapted  to    oeconomical    uses ;  in 
^^Ts,  the  laminar  fracture  is  very  irregular  and 
*^*^P^ifect,    Such  laminae  are  sometimes  straight, 
**^^  the  general  structure  of  the  bed ;  but,  with- 
^*  exhibiting  actual  contortion  or  flexure,  they 
^'^^    often  minutely  undulated.    These  undula- 
^^*^»  like  the  contortions,  are  always  most  sen- 
^*^   on  the  ti-ansverse  fracture;  but  that  frac- 
*^  can  scarcely  ever  be  neatly  effected  but  by 
^    Action  of  gunpowder;  as  a  less  degree  of 
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force>  otily  separated  the  latninde,  or  produces  a 
rery  irregular  transterse  sur&ce. 

It  is  yet  unsettled  whether,  in  all  cases,  the 
laminar  structure  of  micaceous  schist  is  parallel 
to  the  plane  of  stratification,  or  whether  it  may 
not,  as  in  argillaceous  schist,  be  sometimes  at 
angles  to  that.  But  if  the  minute  undulations 
be  excepted,  no  observations  as  yet  prove  the 
latter ;  and,  fW>m  the  analogy  of  gneiss,  where 
they  appear  to  be  always  coincident,  it  is  probable 
that  the  former  is  true. 

Micaceou9  schist,  as  it  differs  from  gneiss  in 
composition,  differs  only  fVom  that  rock  in  not 
containing  granite  veins  as  a  frequent  feature. 
Wherever  these  are  found,  they  occtir  only,  as  in 
other  rocks,  where  it  is  in  contact  with  granite ; 
and  the  veins  are  then  limited  to  a  small  distance 
from  the  mass  of  that  substance ;  being  ramifica- 
tions fit>m  some  larger  intruding  vein,  or  fiiom 
the  principal  rock,  and,  commonly,  easy  to  trace; 
But  it  is  subject  to  be  ttiuch  penetrated  by  quartz 
veins,  either  transverse  or  parallel  to  thelaminaer  i 
and,  where  these  are  contorted,  the  veins  ft>lIow 
those  contortions.. 
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The  texture  of  midaoepcMi  Mhist  is  Tariow; 
being  coarse,  or  fine,  according  to  the  DM^itu^ 
and  disposition  of  &e  partsof  which  it  is  formed. 
The  aif>ect  of  the  fimcture  is  equally  viuioys; 
depending,  moreover,  not  only  on  this  cause,  biit 
on  the  diKCtion  which  it  bears  towards  the 
lamin»of  the  stone.  Thus,  in  a  parallel  frac^ 
tore,  a  smooth  surface  of  inica  alone  will  often 
appear ;  while,  in  the  reverse  direction,  quarts 
only,  is  sometimes  visible. 

Whedier  the  texture  of  micaceous  schist  is  to 
be  considered  as  crystalline  and  granular,  or 
kminar,  depends  on  die  particular  variety  under 
examination.  In  many  cases,  where  the  mic&  is 
not  only  abundant  but  continuous,  it  is  strictly 
fauninar.  Where  that  is  abundant,  but  less  con- 
tinuoos,  it  is  either  minutely  and  imperfectly 
laminar,  or  scaly ;  and  where  the  quartz,  on  the 
contrary,  predominates,  or  is  irregularly  inter- 
mixed with  the  mica,  it  is  scaly  and  granular  to- 
gether, or  almost  purely  gmnular  and  crystalline, 
CfT  continuoiudy  crystalline.  In  all  thesevarieties 
of  t)e9dture«  it  correspcinds  very  nearly  with  gneiss ; 
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which,  in  most  other  particulaiB^  it  so  stroogly 
resembles. 

It  is  a  theoretical  question  whether  this  tex* 
ture  is  the  result  of  chemical  action  or  of  mecha*- 
Bical  disposition,  and  therefore  not  adapted  to 
the  present  work.  But  it  may  briefly  be  re- 
marked, that  the  pigrallel  position  of  the  mica 
may  be  accounted  for  on  either  supposition; 
while,  with  respect  to  the  quartz,  it  certaiiJy,  in 
every  case,  even  where  most  granular,  is  united 
by  the  intervention  of  a  crystalline  cement  of  the 
same  substance. 

Nevertheless,  certain  varieties  of  micaceous 
schist  occur,  which  possess  the  unquestionable 
characters  of  a  compound,  at  least  partly  mecha- 
nical. In  these,  fragments  of  granite,  of  quartz 
rock,  and  of  limestone,  are  imbedded  in  the  ge-. 
neral  mass ;  resembling,  thus,  the  conglomeratefl 
which  accompany  the  saAdstones. 

Moreover,  in  certain  ''places  in  Scotland, 
where  fflnall  beds  of  micaceous  schist  altemale 
with  clay  slate  and  graywacke,  or  widi  coMse 
and  fine  argillaceous  schists,  some  remarkable' 
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raiietics  occur  which  resemble  exactly  in  their 
texture  those  varieties  of  graywacke  of  which 
the  texture  seeius  almost  purely  mechanical.  In 
these,  the  grains  of  quartz  appear  to  be  meniy 
agglutinated  without  the  intervention  of  a  proper 
siliceous  cement,  while  they  also  bear  marks  of 
previous  attrition.  In  such  specimens  also  it  is 
very  remarkable,  that,  as  in  the  analogous  gray- 
wackes,  the  grains  in  any  one  bed  preserve  an 
average  general  size,  whether  coarse  or  fine; 
and  that  the  two  are  scarcely  ever  intermixed  in 
the  same.  In  these  also,  the  quartz  i»  princi^ 
pally  united  by  the  smallest  possible  quantity  of 
intervening  mica,  which  follows  the  minute  un- 
dulations produced  by  the  packing  of  the  irre- 
gular gravel,  producing  an  undulated  andpe^ 
culiar  appearance  on  the  transverse  fracture 
which  is  hi^ly  characteristic. 

It  'is  scarcely  now  neeesswy  to  say  that  the 
minerals  of  t^hich  this  rock  is  fonned  are,  essen- 
tially, quartz  and  mica.  To  the  varying  pro-^ 
portions  and  disposition  of  these,  are  owing  all 
the  leading  varieties  which  arejound  in  this 
rock.    As  it  differs  from  gneiss,  chiefly  in  ex- 
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duding  fekpar,  so  it  easily  passes  into  that  rock 
by  the  admission  of  ihis  minm^.  With  greater 
facility,  it  passes  into  quartz  rock ;  as  the  same 
ingredients  form  one  of  the  chief  varieties  of  that 
wbstance ;  nor  indeed  is  it  often  possible  to  de- 
termine to  which  of  these  two^  any  specimen, 
or  even  stratum,  ought  1o  be  referred. 

As  the  limits  between  chlorite  and  mica  are 
evanescent,  or,  at  least,  as  no  effectual  distinction 
between  the  two  has  yet  been  discovered,  mia^ 
ceous  schist  easily  piasaes  into  chlorite  schist; 
and,  although  more  rarely,  it  seems  also  to  pass 
into  talcose  schist,  producing  indefinite  varieties 
which  are  noticed  in  the  subsequent  catalogue. 
In  some  rare  instances  also,  it  presents  transitioM, 
but  less  perfect,  into  the  finest  varieties  of  ai;gil- 
IwMus  schist. 

Besides  the  essential  minemls  above  mcti* 
tinned,  hwnblende,  chlonts^  and  talc*  sometimes 
occur  in  micaceous  schist,  in  such  abundance  m 
materially  to  modify  its  character ;  occasioBaUy 
producing  transitions  into  the  ro^  cfaaracteriied 
by  these  ingredients,  which  it  ai^^eared  convex 
nient  to   enumerate   in    a  particular  division. 
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Carbonat  of  lime  occurs  in  a  similar  manner, 
but  rarely. 

Many  minerals,  hereafter  noticed  in  the  Sy- 
nc^^ses,  are  occasionally  found  imbedded  in  this 
rock.  Among  these,  garnet  is  eminently  con- 
spicuous;  as  it  sometimes  abounds  to  such  a 
d^Tee  as  almost  to  equal  in  quantity  the  includ- 
ing rock,  and  thus  materially  to  affect  its  charac- 
ter. Whatever  singularity  or  beauty  srich  varie- 
tics  may  present,  from  containing  one  or  more  of 
these  extraneous  minerals,  they  require  no  further 
Qotice  than  <hat  which  is  given  of  them  in  the 
list  appended  to  the  catalogue  of  varieties. 

Tlie  cotours  of  micaceous  schist  offer  very 
IHtie  variety «  With  the  exception  of  those  which 
"Cofitftia  a  conspicuous  quantity  of  imbedded  ex- 
traneous minerals,  or  pass  into  chlorite  schist, 
.they  present  tints  of  grey  alone ;  the  mica^vary- 
ing  from  white  to  black,  and  die  quartz  being 
afanort  invariably  etflourless.  The  degree  of 
cokmr,  ip  these  cases,  depends  chiefly  on  the 
proportion  of  mica  in  the  compound. 
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SYNOPSIS  OF  MICACEOUS  SCHIST. 


FIRST  DIVISION. 
Consisting  of  mica  and  quartz. 

FIRST  SUBDIVISION. — Simply  luminary 
or  foliated. 

A.    Formed  of  mica,  continuously  laminar,  with 
scarcely  a  discernible  proportion  of  laminar  quartz. 

A  variety  of  considerably  bwtfy  arises  from 
the  tnica  occasionally  presenting  two  distiDCt 
colours,  as  white  jmd  black,  or  greenkdl  and 
grey.  Many  of  these  specimens  a{^iear  to  con- 
sist of  mica  only,  but  I  believe  that  quartz  is 
never  entirely  absent 

B«  Formed  in  the  same  manner,  but  the  propor- 
tipnp  of  the  ingredients  reversed. 

In  this  case,  the  cross  fracture  presents  the 
aspect  of  quartz  rode,  while  the  mica  alone  is 
visible  in  the  laminar  frMture.  * 

C.  The<continui^  of  th^  mica  becoming  inter* 
rupted,  and  the  quartz  becoming  granular. 
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The  yarietieB  of  this  are  endless,  and  it  passes 
both  into  qoartzrock  and  into  gneiss. 

IX  The  mica  greenirii,  and  more  tender ;  tbiM 
approximating  to  chlorite  schist,  yet  forming  large 
tracts  of  coantry  without  passing  decidedly  into  that 
peck. 

In  point  of  diq)osition,  this  variety  comprises 
all  the  modificatimis  above  named. 

£•  The  mica  g^y^  but  tender ;.  and  tbus  approxi- 
mating to  talcose  schist,  a  rock  which  appears  to  be 
frequently  subordinate  to  the  present,  and  to  occupy 
▼ery  limited  spaces  among  its  beds. 

F.  Modifications  similar  to  the  precedhig  two; 
but  the  passage  being,  in  this  case,  into  day  slate. 

The  chief  instances  of  contortion  are  fimnd 
in  this  iiubdivisfon. 


SBCONB  SUBDIVISION. — Granulatly  laminar. 

A.  Granular  quartz  uniformly  mixed  with  scales 
of  mica  in  a  parallel  position,  by  which  the  laminar 
fracture  of  the  rock  is  determined* 

Er  Granular  quartz,  occupying  distinct  laminOf 
^ich  are  separable,  in  consequence  of  tbe  interposi- 
tien  of  scales  of  mica  congregated  into  distinct  spots# 

C.  Granular  quartz  divisible  into  laminie,  between 
which  distinct,  ai^  often  distant,  scales  of  mica  are 
interspersed. 
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These  two,  like  the  former,  pass  into  quartz 
rock,  and  into  gneiss. 

D,  A  rock  of  similar  construction,  with  this  dif- 
ference, that  the  mica  is  further  disposed  in  a  longitu* 
dtaal  manner,  so  as  to  give  the  stone  a  ftbrons  appear-* 
ance  on  splitting. 

Many  of  this  and  of  the  preceding  variety 
admit  of  being  polished,  like  the  analogous  spe- 
cimens of  quartz  rock>  into  which  they  pass. 
Those  which  are  most  compact  aod  sparkling,* 
form  the  mineral  known  by  the  name  of  avantu- 
rine ;  the  most  ^teemed  variety  of  which  is  of 
a  reddish  yellow,  or  brown,  colour. 

£•  The  mica  imperfectly  parallel  and  scaly,  being 
bent  round  the  grains  of  quartz,  which  are  often  of 
large  size;  that  flexure,  in  the  latter  case,  giving  a 
very  pecuh'ar  character  to  the  rock,  particularly  in  the 
transFcrse  fracture*  Thus,  in  some  instances,  it  has 
the  general  aspect  of  gneiss;  in  others,  that  of  the 
gray  wacke  schist  which  accompanies  the  clay  sliite  of 
the  Highland  border,  « 

It   occurs  in  that  situation,   in  Bute,  and 
elsewhere. 
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SEC50ND  DIVISION. 
Compounded  of  three  or  more  ingredieptt. 

A.  Micace^oi  schist  of  msiiy  of  the  preceding, 
▼ariedes,  contaiiiiDg  hornblende  in  minute  crystals,  or 
in  larger  crystals  or  concretions. 

Tliis  is  not  uncommon  in  Perthshire. 

B.  The  same,  containing  felspar,  and  thus  pass- 
ing into  gneim ;  already  alluded  to  nndet  a  preceding 
bead. 

C.  Containing  chlorite  or  talc  superadded,  and 
thus  passing  into  chlorite  schist,  or  talcaceous  schist. 

D.  Irregularly  compounded  with  more  than  one ' 
of  the  abore-namad  ingredients,  so  as  to  pass  ont  of 
the  arrangement. 

£•    Micaceous  schist,  containing  carbonat  of  lime 
in  addition  to  the  ordinary  ingredients;  that  substance 
so  mudi  rssemblitig  Mspar,  that  dbe  rock  is  easily  * 
mistaken  for  gneiss. 

This  variety  seems  limited  and  rare.    Ob- 
served in  Perthshire  only. 


THIRD  DIVISION. 

Conglomerated. 

Containing  superadded  fn^entsof  granitet 
quartz  rock,  limestone  or  other  substanceft. 


Digitized  by 


Google 


280  MICACEOUS   SCHIST. 

This  rock  is  found  in  Isia,  in  the  Ganrelock 
Islands,  in  Rannocb,  and  elsewhere,  alternating 
with  the  general  series,  and  it  must  therefore  be 
considered  as  a  regular  bed.  In  other  cases, 
possibly,  it  may  be  analogous  to  the  local  con- 
glomerates that  are  found  at  the  meeting  of  two 
rocks  of  different  kinds. 

I  must  add  to  this  enumeration  a  variety 
which  is,  in  a  certain  d^^ree,  distinct  from  any 
of  the  former,  although  it  can  only  be  considered 
as  an  accidental  modification.  Any  one  of  the 
preceding  may  put  on  this  aspect,  which  occurs 
in  the  vicinity  of  granite.  The  ingredients  are, 
in  this  case,  so  strongly  cemented  as  to  be  inse- 
parable, and,  sometime^,  almost  undistinguish- 
able.  It  is  not  enumerated  with  the  siliceous 
schists,  because  it  has  not  been  the  practice  so  to 
do ;  but  it  bears  a  strong  analogy  to  the  primary 
varieties  of  these. 

Under  the  preceding  heads,  as  far  as  I  have 
observed,  every  variety  of  micaceous  schist  may 
be  arranged ;  although  the  diversity  of  aspect  is 
so  great  as  to  convey  an  idea  of  the  existence  of 
mi  infinitely  greater  number.     These  xliversities 


Digitized  by 


Google 


MICACBOVS   SCHI8T. 


281 


will  be'  found  to  consist  in  the  tmying  propor- 
tion, colours,  compactness,  undulation,  and  dis* 
tribution  of  the  parts.  In  Rannoch  and  Schifaal* 
lien  a  yariety  occurs,  in  which  large  crystals  of 
mica  are  superadded  to  the  general  composition 
of  the  rock. 

The  following  minerals  occur  embedded  in 
micaceous  schist  The  garnets  are  Sometimes 
perfectiy  crystallized,  at  others  very  obscure.  In 
this  latter  case,  their  mineral  composition  is  often 
so  imperfect,  that  they  are  scarcely  discernible, 
except  by  their  superior  hardness  and  persistie&oe 
after  the  rock  has  weathered. 


Gamete 

Andalusite. 

ActiDolite. 

Pycnite. 

Epidote. 

Prebnite. 

Tourmalio. 

Apatite. 

Beryl. 

Oxyduloas  Iron. 

Comndum. 

Pyrites. 

Staurotide. 
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Although  chlorite  schist  does  not,  like  the 
preceding  rocks,  form  any  extensive  tracts  in  na^ 
ture,  as  &r  as  tbe  observations  of  geologists  have 
yet  extended,  and  although  its  characters  are  not 
in  all  cases  vearj  definite,  it  is  sufficiently  distinct 
from  micaceous  schist  in  many  points,  and  suffi- 
ciently rmiarfcable  with  respect  to  some  of  its 
connexions,  to  require  a  separate  place  in  a  clas- 
aificatioa  like  the  present 

As  it  has  not  hitherto  obtoined  such  aplace  in 
the  only  geological  arrangements  of  rooks  which 
have  been  publiriied,  and  as  it  also  appeara  to 
have  received  but  a  small  degree  of  attention 
from  geological  writers,  the  observations  which 
relate  to  it  are  drawn  solely  from  the  appearances 
which  it  presents  in  Scotland* 

Its  predominant  association  is  with  micaceous 
schist^  into  whidi  it  passes,  in  so  gradual  a  man- 
ner, that  diffisrent  observera  rarely  coincide  in 
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opinion  respecting  the  name.  It  it  in  these  cases, 
however,  that  it  forms  the  most  continuous  and 
extensive  masses,  however  tmperfectly  defined  its ' 
characters  may  often  be.  Under  these  circum- 
stances also,  it  so  exactly  resembles  micaceous 
schist,  in  the  disposition,  the  thickness,  and  the 
other  general  characters  of  its  stratification,  ^at 
it  is  superfluous  to  state  these  circumstances  more 
particularly. 

But  it  also  occurs  in  association  with  gneiss ; 
alternating  with  its  beds,  and  even  entering,  as 
already  noticed,  into  the  composition  cf  some  of 
the  varieties,  so  as  to  pass,  by  a  transition,  more 
or  less  complete,  into  the  ordinary  and  perfbct 
kinds  of  that  rock. 

N<4  unfrequently  also,  it  is  found  accompa- 
nying the  argillaceous  schists,  into  which  it  some- 
times further  passes ;  by  tnaisitions,  however,  of 
no  very  pierfect  nature.  In  one  extensive  tract  in 
Scotland,. it  is  thus  seen  alternating  and  inter* 
mixed  in  a  very  irregular  manner,  not  only  with 
that  rodk,  but  with  micaceous  schist,  and  with 
some  varieties  of  gneiss,  as  well  as  of  prittiairy 
limestone ;  forming  a  series  of  great  interest  in  a 
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geological  liew,  whicb  is  fiilly  deE»ribed  in  tfiat 
work  on  the  western  island  to  which  die  reader 
is  here  so  often  referred  for  the  aethority  of  many 
of  the  present  statements. 

In  the  same  work,  a  fidl  account,  inadmissible 
in  this  place,  will  also  be  found  of  its  aBsocifition^ 
in  a  very  peculiar  series,  with  hornblende  schist, 
quartz  rock,  micaccQus  schist,  and  other  strata; 
in  which  series  it  presents  the  greater  numbw 
of  the  Tery  peculiar 'varieties  which  are  enume- 
rated in  the  subjoined  catalogue.  In  that  list  are 
also  enumerated  those  transitions  and  modifica- 
tions, as  yet  undescribed,  which  it  is  unnecessary 
to  dwell  (m  in  these  pre&tory  remarks. 

Although,  ^hien  associated  with  micaceous 
schist,  it  ofl^i  forms  beds  6(  cbnsiderable  dimen- 
sions, the  strata  are  commonly  thin  in  the  cases 
last  enumerated,  and  often  indeed  ot  such  tenuity 
as  not  to  exceed  a  few  inches.  In  such  instances, 
it  is,  commonly,  very  accurately  fissile,  and  not 
unfi^uently  so  continuouisly  laminar  as  to  be  ap- 
plicable toardiitectural  purposes,  as  a  substitute 
for  pommoh  sl^..  Mok  frequently,  however, 
tiie  constthltion  of  dilorite  sdiist  is  too  tender, 
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wad  the  liymioar  strocture  too  little  coatiDaiours  to 
admit  of  this  application  to  use. 

Where  the  beds  are  thicker,  and  approximate 
more  in  character  to  micaceous  schist,  it  is  abo 
frequaeidy,  like  that  rock,  very  imperfectly,  or  at 
least  inregularly  fissile;  and,  in  the  same,  manner, 
itjHesents  similar  contortions  and  undiUations. 
Eren  in  die  most  perfectly  laminar  varieties  of 
4his  rock,  minute  undulations  are  very  frequent ; 
and  as  the  lustre  of  the  parallel  fracture  is  often 
so  considerable  as  to  approach  to  the  metallic, 
such  specimens  are  exceedingly  beautiful  and 
often  highly  splendent,  even  in  larger  bodies. 

In  the  minuter  circumstances  of  texture,  chlo* 
rite  schist  partakes,  not  only  of  t^e  characters  of 
micaoeous  schist  already  ^described,  but,  under 
its  other  ipodifications,  of  those  of  gneiss  also ; 
and,  although  more  rarely,  even  of  tiiose  of  argil- 
laceous schist  It  is  unnecessary  to  detail  these 
circumstances  where  Aey  resemble  those  which 
occur  in  micaceous  schist,  as  it  would  be  inepr^y 
to  repeat  what  has  already  been  said  on  that.sub- 
ject.  It  need  only  be  observed,  that  the  same 
double  character  of  a  chemical  and  a  mechanical 
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defiosit  is  visibla ;  exoept,  that  in  no  instance  as 
yet,  within  my  obsenralion,  it  bad  beea  found  to 
coBtainlhigmeiits  of  other  rocks.  Mlierethetex- 
tme  assimilates  to  that  of  gneiss,  it  presents  mtni- 
lar  undulation,  or  roughness,  in  the  parallel  frac- 
ture ;  is  more  or  less  coarsely  granular  in  the  trans- 
Terse,  and  is  often  midistinguisbable  from  it  with- 
out a  careful  examination. 

The  textures  of  those  varieties  which  appraxi- 
mattt  in  character  to  the  coarse  smd  fine  akgitku 
eeous  schists,  or  to  graywaoke  and  clay  slate,  are 
in  ei^ery  respect,  the  same  as  those  which  occur  in 
these  rocks.  In  die  first,  the  grains  of  quartz 
seem  to  form  a  mechanical  rather  than  a  chemical 
assemblage ;  varying  much  in  the  magnitude  (rf* 
the  parte,  ofien  bearing  the  apparent  marks  of 
previous  attrition,  and  b^ng  also  separated  in 
laminsfr  more  or  less  distinct,  by  the  intervening 
chkmte.  As  in  diose  varieties,  of  micaceous 
schist  which  present  a  similar  character,  ttdssaad 
or  gravd  of  quartz,  not  unusually  possesses  an 
average  general  size,  whether  large  or  smaU,  in 
one  bed  t  and  the  union  produced  by  the  smallest 
admissible  quality  of  chlorite.    Thw  the 
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Ttrae  fFMtare  often  prawoM  ffmxtzowify,  while, 
on  the  pamllel,  die  other  eonstitiient  it  Tiiible. 
In  thoie  Tarietiea  which  resemble  fine  day  ilttlei» 
the  rock  consists  almost  entirdy  of  an  imperfiBot, 
or  aiigfillaceotiS)  foliated  chlorite,  findy  laminar, 
widi  an  earthy  aspect  on  the^cross  fracture,  and  a 
shining  smooth  one  on  the  parallel  suHaces. 

The  minerals  peculiarly  essential  to  the 
composition  of  chlorite  sdiist  are  quarts,  and 
foliated  chlorite.  Whateyer  diflSculty  mine- 
ralogisis  may  find  in  assigning  a  determinate 
character  to  the  latta*  mbstance,  it  must  not  be 
confounded  with  scaly  chlorite ;  yet  the  frequent 
occurrence  of  this  more  definite  mineral  in  dilo* 
rite  schist,  and  the  varying  dq^rees  in  .which 
foliated  dilorile  approaches  to  it,  proTe  tfiat  there 
is  an  affinity  between  the  two.  The  green  hue  of 
fdiated  chlorite  is  the  most  convenient  empirical 
character  by  which  it  can  be  distinguished  from 
mica,  and  by  which,  consequently,  chlorite  schist 
can  be  distinguished  from  micaceous;  but  it 
must  be  added,  that  the  former  mineral  is  more 
tender  and  more  flexible  than  the  latter,  and 
possesses  more  of  diat  saponaceous  fed  which 
characterizes  talc. 
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AmoD^  the  leBB  essential  minends  which  som^ 
times  enter  inta  the  pomposition  of  chlorite  schist, 
felspar,  hornblende,  mica,  actinoUte,  and  com- 
pact felspar,  sometimes  abound  so  as  to  modify 
its  characters.  Where  the  former  is  present  it 
passes  into  gneiss ;  and  the  varieties  which  con- 
tain the  three  latter  are  also  enumerated  in  the 
synopsis,  as  they  formi  extensive  rocks,  of  very 
peculiar  aspects,  which  seienied  to  merit  that  dis- 
tinction. 

The  best  characterized  specimads  of  chlorite 
schist  are  of  a  greyish  green  hue ;  and  from  that 
colour,  they  vary,  by  an  imperceptible  transition, 
to  the  more  common  pale  grey  of  micaceous 
schist*  It  may  also  be  observed,  that  the  green- 
est specimens  commonly  present  the  greatest  de- 
gree of  lustre. 
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SYNOPSIS  OF  CHLORITE  SCHIST. 


FIRST  DIVISION. 

Simple:  of  chlorite  only. 

A.    FoUnted  chlorite;  plain,  or  undalated;  with 
miBute,  oririlh  Inrge  mdfilatioim. 

The  lustre  is  sometiines  considerable  ;  being 
silky,    or  even    pseudo-metallic.      The  colour, 
varies  from  dark  to  very  pale  sea-green. 

SECOND  DIVISION. 
Compound :  of  two  ingredients. 

FIRST  SUBDIVISION.— Jo/ui/ec/  or  simple  laminar 
and  alternating. 

A.  Foliated  chlorite  with  laminar  (punrtz.     * 

B.  Fpliated  chlorite  with  granular  quartz. 

C.  Foliated  chlorite  with  laminar  felspar. 

D.  Foliated  driorite  with  grains  or  imper^t  crys- 
tals of  felspar  disponed  in  a  laminar  manner. 
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S£c6nd  subdivision.— GVonw/ar/y  laminar; 
mixed. 

V     1 

A.  Scaly,  o  mperfectly  foliated  chlprhe  with 
quartz  sand. 

a.  Large  graiaed,  with  a  rough  granular  frac- 

ture. 

b.  Small  grained,  with  a  homogeneous  aspect, 

and,  often,  sciurcely  fissile. 

c.  The  preceding  yarieties  passing  into,  gray- 

wacke  schist  and  into  clay  slate. 

B.  Scaly  chlorite  with  large  grains  of  quartx. 
Analogous  in  structure  and  appearance  to  the  var.  of 
micaceous  schist  E«  first  div.  second  subdiy. 

C.  Scaly  chlorite  with  large  imperfect  crystals  oT 
felspar;  similar  to  the  foraier  in  structure,  and  resem- 
bling granitic  gneiss* 

D.  Scaly  chlorite,  highly  compacted,  with  minute 
grains  of  felspar  interspersed :  difficultly  fissile. 

a.  Scaly  and  somewhat  granular. 

b.  Scaly  and  somewhat  fibrous. 

£.  Scaly  chlorite  intermixed  with  hornblende,  or 
with  distinct  particles  of  hornblende  imbedded,  and 
passing  into  hornblende  schist. 

F.  Scaly  chlorite  intermixed  with  lu^tinoKte :  yery  , 
compact,  difficultly  fissile,  and  soni^times  presenting 
an  imperfi^ctly  fibroils  textnre. 

G.  Scaly  chbrtte  with  micA  t  passing  intb  raieac^ 
oils  schist.  I 
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THIRD  DIVISION. 
Compound :  ivith  three  or  more  ingredients. 

FIRST  %vni>\\\^io^.—Laimnar^  alternating. 

A*    Foliated  ebloriley  felspar,  and  qoartt. 
This  is  enumerated  among  the  varieties  of 
gneiss,  but  is  also  introduced  here,  as  it  occurs 
in  both  series,  and  is  equally  entitled  to  a  place 
in  each. 

SECOND  8UBDITI8ION. — Gtomularly  laminar ; 
mixed. 

A.  Seedy  chlorite,  quartz,  and  felspar. 

B.  Scaly  chlorite,  felspar,  and  mica. 

C.  Scaly  chlorite,  hornblende,  and  mica. 

D.  Scaly  chlorite,  hornblende,  quartz,  and  green 

compact  felspar. 

The  preceding  ^lumeration  will,  I  believe, 
contain  all  the  varieties  that  can  be  included  under 
this  head ;  and,  a»  in  other  instances,  they  pre- 
sent transitions  into  different  rocks ;  a  circum- 
stance of  universal  occurrence  among  the  mineral 
compounds,  and  which  must  always  render  any 
arrangement,  to  a  certain  d^^ree,  arbitrary. 

The  only  minerals  hitherto  observed  in  chlo- 
u2 
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rite  schist,  besides  the  constituents  of  the  rock, 
are  the  following : 

Common  and  cryetallized  chlorite.       Browd  spar. 
Quartz,  coloured  green  by  chlorite.      Tourmalin. 
Scaly,  and  octoedral  ozydulous  iron.  Pyrites.        ^ 
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TALCOSE  SCHIST, 


This  rock  is  uow  for  the  first  time  introduced 
into  a  geological  arrangement,  thougli  it  is  often 
mentioned  by  writers,  and  firequently  found  in 
the  cabinets  of  collectors. 

Although  it  is  not  common,  and,  where  it  is 
found,  is  also  very  limited  in  extent  when  compared 
with  the  other  primary  strata,  it  seemed  impos- 
sible to  avoid  giving  it  a  place  here ;  as  it  occurs 
in  the  form  of  a  rocky  stratum  in  alternation  with 
other  substances,  and  cannot  be  considered  as  a 
varie^  of  chlorite  or  of  micaceous  schist,  when 
the  three  minerals  which  give  the  character  to 
these  compounds,  are  considered  distinct 

As  the  space  which  it  occupies  is  conunonly 
very  small,  the  strata  are  neither  very  thick  nor 
persistent :  and,  in  some  cases  indeed,  it  occurs 
in  such  minute  quantities,  that,  were  there  no 
examples  of  its  existence  in  larger  masses,  it 
mig^t  without  inconvenience  have  been  omitted 
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ia  a  dasBification  of  rocks,  and  enumerated  as  a 
modification  of  the  simple  mineral,  tak,  whence 
it  derives  its  name  and  character. 

It  18  sometimes  found ioionnailivnb^^ inn 
series  of  gneiss,  in  which  case  it  is  often  asso- 
ciated with  the  hornblende  schist  or  actinolite 
schist,  which  so  often  occnr  in  the  same  situation ; 
and  it,  conunonly  also«  in.  these  caseSj  i&  con- 
spicuous on  account  of  the  imbedded  extraneous 
pninerals,  such  as  actinolite  and  cyanite^  which  it 
contains. 

In  a  s^ies  of  micaceous  schist,  it  mpiy  also 
sometimes  be  obaerred  that  a  ^gradual  change  of 
chiu^acter  takes  jdace  in  sbme.  of  the  beds,  and 
that  they  ultimately  pass  into  this  rode ;  w^hich  is 
thus  found  occupying  a  certain  limited  iPP9€^  iq 
the  series,  very  often  presenting  tbe  form  of  an 
imbedded  and  stratified  mass ;  i^nce  such  cc^ep- 
tions  of  strata  of  talcose  schist,  are  generally 
thick  in  the  middle,  and  gradually  evancM^Eit.at 
the  edges.  Sometimes  the  transition  tal^^^pl^^ 
by  the  intervention  of  chlorite  schist ; .  ai^d.  talcose 
schist  is  also,  in  a  similar  maQ|i^r^,490Ri^mes 
found  imbedded  in  a  series  of  this  rock. 
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Id  a  few  riure  imtaaKm,  it  bat  been  fbnnd  im^ 
bedded  in  aiigrillweoiii  idiist;  but,  w  ftir  as  1 
have  observed,  iti%  in  thk  eaK^  gtmrtilji  «nall 
ID  qoantity,  wd  often  iOTetytmited^wactfOdy 
to  deserve  Dotiee  w  a  Mitttite  rackw 

Id  all  ^ifi$a  caie%aQd  jnor«  {ivticiUariy  m^ 
two  former,  it  i9  ^[e&eiaily  aMviated  with  aeme  ^ 
those  miDerab,  sacb  ss  steatite  and  aabeatoa, 
which  poBMss  a  kind  of  mmctal  affitiity  to  ttdQ; 
aad  is  alio  not  DDfrequ&ntly  aocompaiiied  fay 
soiall  bodies  of  serpeDtiDe. 

The  last  assodatioD  to  be  poioted  out,  m  that 
with  the  more  extensive  masses  of  sefpentine, 
which  is  scarody  however  suffisimtly  distin- 
guished fixmi  the  former;  aince  these  masses 
must  also  be  eoDsidered  as  included  in  the  pri- 
mary strata  in  which  it  is  found.  The  boundary 
between  the  serpentine  and  the  including  rock, 
in  these  cases,  is  not  unfrequently  observed  to 
consist  of  talcose  schist ;  and  it  moreover  some- 
times bappais,  that  there  is  a  transition  b^ween 
the  two  rocks,  formed  by  massive  acaly  talc  pass- 
ing into  potstone/ 

Talcose  schist  presents  no  particidar  varieties 
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ef  8tractcH«  f«k|uiriiiglioi^  as  far  as  I 

have  obeerved,  it  does  not  o6cur  in  a  contorted 
state,  like  micaceous  schist ;  although  it  is  some- 
tunes  nlinutely  imdulatied. 

Its  mineral  compootion  reteidbles  that  ^f  the 
tif  o  preceding  rocks,  as  it  may  consist  either  of 
talc  alone,  or  of  ialc  and  qumtz,  toge^r  with 
some  less  essential  nnnerals.  It  is  always,  suffi- 
ciently' d^nguisfaable  from  those  rocks  by  the 
peculiar  characters  of  the  talc,  and  its  colours  are 
generally  limited  to  white,  l^d  grey,  and  dark 
dbscure  green; 


SYNOPSIS  OF  TALCOSE  SCHIST. 


FIEST  DIVISION. 

Simple:  of  one  ingredient 

A.    Schistose  talc. 

iu    Scaly.sod  Misted. 
hp  Scaly  and  semigraDalar. 
c.  Minutely  scaly-grannlar  and  indurated ;  tbe 
potstone  of  some  mineralogists. 


Digitized  by 


Google 


TALC08B  SCHIST.  297 

This  variety  passes  into  serpeattoe^  and  ii 
enumerated  under  that  bead. 

SECOND  DIVISION. 
Compeond:  of  two  ingredients. 

A«  Talc,  and  quartz :  foliated ;  the  quartz  Tari* 
misfy  dispoaed,  and  the  rock  bearing  a  general  analogy 
to  iiMcao9aaa*Bcbiatf  into  which  it  paaaes, 

B.  Talc,  and  foliated^  or  aoaly,  chlorite :  passkg 
into  chlorite  schist. 

r.    Talc,  and  felspar. 

D«  Talc  and  argillaoeoas  achiaC:  passing  into 
common  clay  slate,  and  enumerated  also  under  that 
head. 

£.    Tak,  and  serpentine ;  passing  into  serpentine. 

THIRD  DIVISION.  * 

Compound :  of  three  ingredients. 

A.    Talc,  quartz,  and  felspar. 
B*    Talf,^quairtz,  wd  mica*    . 

The  following  minerate  occurin  talcose  schist. 


Asbestos. 

Automalite. 

Aetinolite. 

Chromat  of  iron. 

Cyauite. 

Pyrites. 

Diallage. 

Staurotide. 
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1  HAVE  thought  it  necessary,  in  the  present 
arrangement,  to  rank  under  this  general  tide  a 
variety  of  rocks,  which,  however  agreeing  in 
their  general  characters  and  geological  relations, 
have  been  distinguished  fa^  difibrent  names  by 
other  geologists. 

Those  named,  as  they  a^  used  in  this*ifo«a- 
try,  are  the  following :  hornblende  rock,  horn- 
blende schist,  primitive  greenstone,  and  green- 
stone slate ;  it  is  unnecessary  to  enumerate  the 
terms  sometimes  employe<I  for  the  same  purpose 

.  hy  foreign  geolc^sts,  as  tfiey  bhly  increase  the 
obscurity  of  the  subject,  and  h&Ve '  already  gene- 
rated much  confusion.  The  reasona  whjf'tfaree 
of  diose  names  are  rejected,  are  the  following. 

It  will,  I  believe,  be  found,,  ^at  wJberever 
bomblende  rock  occurs,  it  is  only  a  portion  of 
those  beds  of  which  the  greater  parts  present  the 
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s9Bke  ^dtumt&PB  as  bombleade  acUat ;  and,  tbat 
tfitiae?^  deficieot  io  tte  scfaiatoae  atructurci, 
the  limitB  are  eTaneacent  Further,  the  qod*- 
achiatoae  Tarietiea  oi  this  rock,  are  always  initer*- 
strattfied  with  the  other  schistose  rocks  which 
they  accompany,  commouly  in  their  beds ;  while, 
where  numerous  alternations  occur,  as  is  gene^ 
rally  the  case,  some  of  the  beds  will  be  found 
deficient  in  the  schistose*  structure,  while  others 
possess  it  in  different  degrees.  Lastly,  the  samis 
bed  will,  in  one  part  (rf*  its  progress,  present  a 
laminar  or  schistose,  in  another  an  oniformly  mas- 
sive structure.  x  >       •, 

The  term  primitive  greenstone  is  a^died  to 
th^^rfx^k;  whenever  it  consislB  of  mi  intermixture 
of  fdspar  and  horaUende,  .and  is^not  schiirtose ; 
not  very  correctly,  since,^  in  laknost  every  case, 
the  felspar  is  either  red  Or  white,. and  the  horn- 
blende^ black.  But  the  ahief  ofayeetion  to  its  use 
IS  the  following.  The  greenskxieof  thetrap  fa^ 
ffiily  is  often  found  in  the  ftnria  of  reins  intrud- 
mig  into  the  primary  as  jato.the.secondary  sirata ; 
and^  in  a  few  instances^jthese.Teina.areao  frrpa^ 
rallel  as  to  admit  of  b«uig  oQafMondedwith  real 
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beds.  Such  maflseB  of  greeBSkme-  can  tiften  be 
prored  t»  be,  not  only  of  hAae  date  than  the  pri> 
maiy  rocks  into  whicb  they  intrade,.bat  even  to 
be  connected  in  some  otber  part  \Hth  the  un»er-. 
dMMt  of  the  secondary  siarMa,  or  to  be  postenor  te 
theses  But,  by  the  none  geolog^ists,  their  affinity 
being  understood  to  be  regulated  by  their  posi. 
tion,  these  substances  have sdso heencidled  pri- 
mkive  greenstone.  Thus  two  rocks  ai«  con- 
founded together  which,  in  their  on^n  and  con- 
nexions, are  amoi^  die  most  remote  i  and  it 
has  conseqiiently  happened  in  geological  descHp- 
tions,  drawn  up  by  those  who  judge  rather  fi>om 
the  natore  of  a  nock  than  its  connexions,  that 
serious  erron.have  been  commiMed.  By  Ihnit- 
ing  the  term  gveenstone  to  the  tiHp  iam»y,  such 
errors  are  easily  avoided  or  prevent^; 

The  objections  to  the  term  of  greenstone 
date  are  not  perhapsso  strong,  as  the  additional 
wordtjlate  has  not  so  often  b6en  used  in  diacriiiii.' 
natiog  any.  of  the  greenstones  of  the  trap<fiimily; 
Bet  on  account  of  the  cooaot  analogy  subsisting 
aowngj  these  several  t&dm,  in  each  bf^ttiese  dis- 
tinct  ftnuliEs,  and  the  totd  distinctness  ^f  the  fe- 
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imlicsdieiBselTet^  iti^mied  pradeDttoafoid  the 
use  of  a  4erm»  whieb,  "whAe  it  is  imnecaMitfyv 
mjghlslso*be»0diiree*ofcoiiftisioa.  QmoOht 
pmcipd  objeeto  in  Ttew  in  this  wmiigcfmeDt^ 
has  been  to  fiu^ilitate  geological  detcrtpl^iis  add. 
to  dimjoiafa  the  ambiguitjr  arising  fropi  a  roisap* 
*  pbcitfioQ  of  tema.  In  desmbing  rocks  for  any 
o&erpQipoaes^  H  is  still  in  ihe  po9i«r  of  tbose 
wha  prefer  the  use-of  the  terms  which  have  been 
rajeotedt  to  haie  recourse  to  them ;  as  fhey  are, 
wi^  this  iMw,  most  commonly  meatioiied  in  the 
catalogues  of  varieties. 

Hornblende  schist  rarely  occurs  indepen* 
dently,  <ur  in  such  a  manner  as  to  form  extensive 
tiaets  vithout  the  interference  or  alternation  of 
some  other  primary  rock.  The  only  large  mass 
of  diis  nature  known  ta  me,  forms  the  mountain 
of  Ben  Lair  in  Rosa-shire. 

It  if  moat  commonly  associated  with  gneiss, 
and  generally  in  strata  of  very  moderate  dimen- 
sions^ often  of  gireat  tenuity.  This  association 
is  so  inttmale,  and,  in' many  instances,  the  horn- 
blende schist  is  kfli  ao  small  a  proportion  to  the 
gneisB,  that  it  has  been  considered  a  $ubordifu$l€ 
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roek.  In  otfetet^  eaiW)  however,  tbe  former  equals^ 
or  even  exceeds  the  gnem  in  quantity,  «o  ttiat  the 
tefib(ttibttrdtn»toit']n  no  ration«I  fenBe  amicable 
to  it  Whattvw  tbeoretical  view*  may  he4m- 
plied  in  this  term,  4h^  are  not  matters  ftA*iaqoiry 
in  this  place. 

Where  it  occun  m  this  assoeialioQ,  it  eom- 
monly/oUowsallthe  contorti<>n»  of  the  jgneisB, 
and  is  traversed  by  the  sbBOf  ^nite  veiiis:  a 
§act  which  only  proves  ihi^  thtee  veinp^are  {kisie- 
rior  to  the  whole  series,  fo  ^ther  caies,  horn- 
blende schist  may  follow  gneiss  without  exhibit- 
ing that  appearance ;  which  equally  proves  that, 
in  these,  it  is  posterior  in  origin  t^  Ae  time^ 
which  the  granite  veins  penetrated  tiie  infeHot 
strata.  It  is  also  founds  but  less  conspicudMly; 
in  Scotland  at  least,  interstrstified  with  those  va^*' 
rieties  of  gneiss,  formeriy  described,  which  are 
more  evenly  disposed  and  contain  no  granite 
veins.  In  all  these  instances  it  passes  into  the 
'  gneiss  by  alterations  in  the  proportion  of  the 
leading  ingredient,  hornblende,  and  by  the  ac- 
quisition of  the  quhrtz  which  is  nearly  e^^ential 
to  the  composition  of  that  rock. 
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.Hornblende  (Kbist  k  ht  \e/m  coiiiiiioo)^  Brno- 
kMflled^  wHh  Jtticao^ut  Mlwrt,  but  i«  alto  fimnd 
in  that  MtaMaoD,  forming  occaMomd  beds  of  f«ry 
yarious  dimenmons.  In  tbaae-  uuptonces  aleo,  it 
msetiniea  paqieii  into  the  mictfceooft  Bohist  by 
.means  of  those  yariettea  of  die  latter  rock  abready 
sMotiooed  under. tfiat  head.  ^Soeb. intermediate 
^aUistances  aa#^  aa  in  mort  otfier  cases,  noted  m 
tbe.sjmopsb  onder  each  jtide,  that  diet  stndent 
may  be  at  np  Ipsajii  referring  to  them. 

i  Iiijilmost.aU  oases  wh^rs .hornblende  schist 
^ccBatfi  ML  the*  situation  kait  oientioned,  ft  ia.ac^ 
companied  by  ohlorite  schist,  and  by  many  ano« 
malous  compounds,  which  will  be  found  enume^ 
rated  in  the  synopsis,  under  the  general  title  of 
those  rocks  to  which  they  seem  most  nearly 
allied^  But,  bendes  this,  it  is  found,  in  Scotland, 
forming  a  member  of  a  very  extensive  and  singu- 
lar assodation  of  strata,  already  notioed  under 
the  head  of  chlorite  schist,  and  consiatiog  prin- 
cipally, or  essentially,  of  quartz  rocki  micaceous 
schist,  chlorite  schist,  and  hornblende  sdiist. 

.  This  rock  is  not  dten  found  associated  with 
argillaceous  schist;  but  where  this  occurrence 
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takes  pboe,  it  is  admeliiiies  bbsenred  to  pass  jiito 
it  by  an  innensible  gradatioQ«  An  examine  of 
iim  assdcitttion  is  visible  in  the  ine«nitsiu  Beii 
Lak  already  quoted. 

It  must  lasdy  be  remarked,  respecting  its  geoi- 
logical  asaoeiaticms^  that  it  accompanies  ihat  rock, 
00  litdedMingpaished  from  it,  .which  bas. been 
l^aced  in. a  sepamtie  chapter  by  the  name^  of.ac- 
tinoUte  schist,  and  that,  the  two  pass  into. insenp 
sible  gradations. 

The  forms  of  the  strata  of  horiihiende.scfaist 
require  no  further  detail  than  that  dready  inci- 
dentally g^ven  inspeakingof  its  associations ;  nor 
does  it,  in  the  greater  number  of  thesev  present 
any  Tarieties  of  structure  requiring  particular,  de^ 
scription.  i  ;    <. 

But  in  those  varieties  which  occur  in  astocia^ 
tion  widi  chlorite  schirt,  in  that  .which  is  here 
called  the  chlorite:  series,  the  beds  often  present 
a  prismatic  structure  which  may  be  a  sourceof 
great  difficulty  to  geoli^fists.  That  difficulty  is 
maternlly  increased  by.tiiie  texture. and  conipoi 
sitionoftfaeroc^,'  which  arOf  in  these  instailces, 
not  distingutshable  from  those  of  many  green- 
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stones  bdkmfiog  to  the  trap  ftimily.  TbeprisoU^i 
in  tli^se  «9(a]BpIes9  are  of  .aimikr  general  forma 
and^iuofPsioASi  to  thoK  that  oc^ur  in  many  meOH 
bers  of  that  extemiTe  ikmily ;  aad,  when  the 
beds  are  hortzontal  and  uppermost  wi^  respect 
to  the  saHaee^  a$  they  are  always  at  right-angles 
to  tbete^  such  rocks  are  not  distiaguisbable  from 
overlying  tnaji96S  of  tnp^  without  a  careful  in-^ 
vestigation  of  their  geological  character  «nd  con* 
nexions. 

•  With  respect  to  minuter  viurieties  of  structui*e, 
or  texture,  it  is  only  necessary  to  say,  that,  in* 
dependentiy  of  the  larger  flexures  and  contor- 
tions  to  which  the  laminar  varieties  are  subject, 
in  common  with  the  gneiss  with  which  they  are 
90  often  associated,  they  frequently  present  a  mi* 
nutely  undulated  disposition  similar  to  that  of 
micaceous  and  chlorite  sehists; 

Both  the  magnitude  and  disposition  of  the 
depsurate  minemfo  which  constitute  hornblende 
iSt'HiM,  are  (Subject  to  great  variation  ;  and  hence 
arise  numerous '  varieties  of  texture,  of  which 
the  minuter  details  mustbe  referi^ed  to  the  synop* 
tic  ca^)0^^.    The  leading  distinictions  of  tex- 
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t^re,  however,.dq)eiidonthe.lpi|Biiiarai|doatli9 
granufor  crystalling  di^posiiioMS  of  the  partik  Ii  < 
ibfi  former  ca9e,  the  rock  b  dlwajrf^.  i^r  ii«ce«* 
mrily»  eithef  huminar  or  schi^to|K|;  but,  ip  the 
latter»  it  js  oot^  Dece«8»rily  the  retr^ne ;  a  rnim^ 
fiflfflle  dis^poGiition  betog  p(pdiice4  by  the  ww»^' 
iu  which  the  crystalliae.  partjiqles  ve.  vrwgivL. 
In  thpse  cases  where,  to  a  granular  ,textare«  then* 
is  superadded  a  massiye  or  nou-fisnle.  di^^^osHioii^ 
it  forms  that  which  has  been  already  menii^iicid  as 
COQ^titutiDg  the  hoiTibleiide  rock  of  n^y  geolo^ 
gists. 

Whatever  appearance  of  a.  mechmii^  du^o#* 
sition,  may  arise  from  the  occasional  laminar  a)** 
ternation.of  the  ingredients  of  th^  rcick,  it  is  vn^ 
necessary  to  make  any  remarks  on  it,  as  they^ 
would  only  be  a  repetition  of  the  doubts  already 
stated  under  the  head  of  nucaceous  schist.  It  is 
barely  necessary  to  observe,  that  the  texture,  ap- 
pears to  be  truly  crystalline,  or  chemical^  in  all  the 
varieties;  and  that  it  has  not  hitherto  pi^e^f^ted 
any,  containing,  like  micaceous  schirt»  ^ecidedi 
fragments  of  other  rocks. 

The  minerals  essential  to  hombleade  sefaist. 
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*  > 

are  fdbpar,  either  compact  or  common,  and  horn- 
blende; but  the  latter  often  occurs  alone.  In 
this  respect  it  diflers  from  micaceous  and  chlorite 
sebists,  in  which  the  characteristic  minerals  sel- 
dom exist  without  some  quartz.  The  less  essen- 
tial minerals  which  sometimes  occur  ip  this  rock 
to  mich  an  extent  as  to  modify  its  general  charac- 
ters; «e'm1ca  and  chlorite ;  but  the  latter  is  rare, 
nor  is  the  formef  very  common. 

As  an  imbedded  mineral,  garnet  sometimes 
abounds  in  this  rock,  as  it  does  in  micaceous 
schist,  but  much  more  rarely;  and  the  general 
character  and  aspect  of  the  hornblende  schist  pre- 
sent corresponding  variations.  The  other,  and 
more  rare  imbedded  minerals,  will  be  noticed  in 
a  more  appropriate  place. 

As  the  colour  of  hornblende  is  alm6st  ihTa- 
riably  either  black,  or  a  green  so  dark  as  scarcely' 
t6  be  distinguished  from  it,  the  onTy  varieties  of 
tint  in  the  rock  depend  on  the  proportion  add' 
colours  of  the  felspar.  A  large  proportion  of  that 
mineral  produces  a  grey  hue,  which  varies  in  in- 
tensity according  to  that  proportion,  and,  in  tone, 
as  it  af^piminiates  to  white,  green  or  red. 

x2 
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SYNOPSIS  OF  HORNBLENDE  SCHIST- 


FIRST  DIVISION. 

Simple :  of  hornblende  alone. 

A.  Very  compact,  with  a  smooth  and  doll  frac- 
ture ;  the  particles  beiog  almost  invisibly  minute. 

B.  Granular,   from    small    irregular  aggregated 
crystals:  varies  in  the  degree  of  fineness. 

C.  Scaly,  from  an  aggregation  of  flat  crystals* 

D.  Flat  continuously  laminar, 
a. .  Large  laminar. 

b*    Minutely  laminar* 

E.  Fibrous. 

a«    Simply  fibrous  and  with  short  fibres. 

b.  Fibrous,  radiated. 

c.  Very  fine  fibrous  and  silky. 

F.  The  texture  so  fine  that  it  loses  its  character 
and  passes  into  argillaceous  schist. 

These  varieties  are  sometimes  imperfectly,  or 
dot  at  all  fissile,  and  thus  form  what  is  called 
hornblende  rock.  Occasionally  many  different 
textures  are  intermixed  in  the  sanie  mass,  or 
specimen  ;  thus  producing  additional  diversities 
of  aspect.    Sometimes  large  distinct  crystals  of 
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hornblende  are  imbedde<l  in  the  crystalline  ag- 
p^egate. 

SECOND  DIVISION. 
Compound :  of  two  ingredients. 

A«    A  laminar  alternation  of  hornblende  and  felspar* 

a»    Continuous  platy  and  schistose,  easily  split- 
ting. 

b.  Continuous  platy,  but  scarcely  or  not  at  all 

fissile* 

c.  Granularly  laminar,  and  imperfectly  schis- 

tose, 

B.  The  hornblende  scaly  or  fibrous,  and  the  felspar 
arenaceous :  not  occupying  distinct  laminee* 

C.  A  granular  uniform  mixture  of  the  same  ingre- 
dients. 

a.  Scaly,  splitting  into  rough  schists  or  imper- 

fectly fissile. 

b.  Uniformly  arenaceous  and  mixed  ;  fissile.. 

c.  Mottled,  from  the  particles  of  hornblende 

being  condensed  in  spots  and  patches. 

d.  Dull,  both  substances  minutely  intermixed 

and  compacted. 

e.  A  very  compact  distinct  intermixture  of  the 

two  ingredients :  not  schistose^  and  un- 
distinguishable  from  the  greenstone  of 
the  overlying  rocks^ 

Many  aspects  result  from  the  var}ing  sizes  of  the 
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.grains  of  bot}i  substs^ce^,  aud  li*om.tUeir  feilatiye 
proportions:  the  felspar  being  sometQuw  io 
equal  proportion,  at  others  scarcely  c^^K^mible^ 
These  modifications  also  vary  in  colour  ;  the  feli- 
spar  being  white,  greenish,  or  red.  The  horn^ 
blende  also  may  be  black  or  dark  green.  The 
laminar  mixtures  are  also  sometimes  straight,  ^t 
othei-s  large  or  minutely  undulated.  It  is  to  these 
varieties  that  the  teriii  primitive  greeniitone  seemis 
to  be  applied* 

D.  The  felspar  in  excess,  and  the  niixlu^ 
granular. 

This  rock  is  placed  here  on  account  of  its 
geological  connexions,  occurring  with  codmhou 
lK)mbl€nde  schist  s^nd  chlorite  jscbisti  in  the 
chlorite  series  of  Argyllshire.  Its  aspect  is  haw* 
ever  entirely  different  from  that  of  any  other 
hornblende  schist^  The  felspar  being  of  a 
greenish  colour,  that  of  the  rock  is  ft  greenish 
grey. 

E.  A  minute  admixture  of  hornblende  with  dark 
compact  felspar ;  the  two  minerals  not  distinguishable 
without  much  attention.  The  felspar  is'diirk  green  or 
leadblue« 
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The  BSspKt  0f  these  varieties  is  00  diflereiit 
from  tlKMie  of  any  of  the  preceding,  as  to  juedfy 
a  -distinct  ennoieration. 

F.  Common  bornbleade  schist  with  intersperaed 
particles  and  filamentous  reins  of  bright  green  compact 
felspar. 

This,  like  the  former^  has  a  very  remarkable 
appearance.  It  occurs  in  Iona«  as  the  former  do 
on  the  west  coast  of  Ross-shire. 

G.  Hornblende  with  mica;  the  former  is  in  ex^ 
cess  and  the  rock  ifbsiie* 

Mixtures  of  micaceous  schist  and  hornblende 
may  be  ocnnfouilded  with  this  when  the  horn- 
blende predominates ;  but  tbey  differ  in  contain* 
ing  quartz*  and  are  enumerated  under  the  hea^ 
of  micaceous  schist 

H.    Hornblende  and  chlorite  intermixed^ 

This  is  also  enumerated  under  the  head  of 
chlorite  schist 

L    Uomblende  and  actinolite^ 

This  paiS(to  intd  actinoljte  schist.  The  di«i- 
tinction  between  these   two   minerals  is  net 
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great ;  butj  in  this  case,  the  hornblende  is  Mack, 
nnd  scaly  w  gratiular ;  the  actrnolite  green  and 
fibrous. 

K*    Hornblende  and  indurated  talc.  . , 

^      This  variety  appears  to  pass  into  serpentine, 
and  is  enumerated  under  that  head. 

THIRD  DIVISION. 

Compound  ;  of  three  or  more  ingredients. 

A.  Hornblende,  mica,  and  fdspar« 

B.  Hornblende,  felspar,  and  quartz* 

C.  Hornblende,  actinolite,  and  mica. 
Df  '  Hornblende,  t^I^lorite/ afid  felspar. 

E.  Different  quaternary  mi^^turcs  of  these  ingre* 
diei^s,  \yhich  do  not  require  to  be  particularly  spe* 
-dficd.  '  '  ' 

These  varieties  are  placed  here  for  facility  of 
referende ;  but  some  of  them  a{qperlain  to  gneiss, 
under  which  head  they  are  also  enumerated, 
while  others  will  be  found  under  other  titles. 

The  varieties  of  aspect  in  all  the  roclcs  of  this 
division  are  endless,  and  arise  from  the  vaiying 
^ouiUf  magnitude^  proportion,  and  int^nnix* 
^ure  irf*  tiip  49everal  iQgredients. . 
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The  only  minerals  hitherto  found  embedded 
io  hornblende  schist  are  iolite,  pyrites,  and  gar- 
net. The  latter  sometimes  occurs  in  such  quan- 
tity as  materially  to  modify  the  appearance  of  the 
rock.  It  is  sometimes  imperfectly  ciystallized ; 
or  more  perfectly,  as  it  is  in  micaceous  schist :  in 
>some  rare  cases,  it  is  disposed  iif  laminae  among 
ihose  of  the  hornblende. 
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ACTINOLITE   SCHIST. 


It  may  perhape  appear  superAeoos  to  dlsttin^ 
guish  this  rock  from  hornblende  aclmt ;  bata» 
it  has  been  mentioned  by  Saussure,  as  it  occurs 
in  gneiss  under  a  distinct  character,  and  also  very 
conspicuously  in  the  chlorite  series  elsewhere 
described,  it  will  facilitate  the  student^  pursuits 
to  find  it  in  a  separate  place.  Its  analogy  in  po- 
sition, and  in  other  characters,  to  hornblende 
schist  is  in  every  particular  so  perfect,  that  these 
will  require  no  additional  notice.  Its  most  strik- 
ing difference  will  be  found  to  consist  in  its  fre* 
quent  and  intimate  association  with  chlorite 
schist ;  the  mineral,  which  is  characteristic  of  the 
latter  substance,  being  frequently  intermixed 
with  that  which  characterizes  the  former,  in  such 
a  manner  that  the  two  rocks  pass  into  each  other 
by  aiunsensible  gradation. 

Substituting  actinolite  for  horoblande,  the  de- 
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4iiftioii  q(  both  rocks  is  the  Mine.  It  may  also 
be  remarked,  that  it  is  often  the  repository  of  the 
aeveral  varieties  of  the  mineral  of  which  it  is  prin- 
cipally composed,  and  that  it  is  generally  easily 
recognised  by  its  green  colour,  as  well  as  by  the 
peculiar  properties  of  the  characteristic  mineral. 
If  mineralogists  should  finally  think  fit  to  consi- 
der actinoKte  as  a  variety  only,  of  hornblende, 
actinolite  schist  must  also  be  replac^  among  the 
varieties  of  hornblende  schist;  but  as  long  as 
these  minerals  continue  to  be  distingaisbed  as 
species,  it  will  be  convenient  to  pursue  the  same 
plan  with  respect  to  the  rocks  in  question. 


SYNOPSIS  OF  ACTINOLITE  SCHIST. 

PIRST  DIVISION. 
jSimplie;  ofovieingrediimt 

A.    Af tiDolits  ttniler  variouf  appsaraiiess* 

%    Fonnsd  of  dbtiact  ioterhotd  ciyslab 
varying  in  «i«f • 
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1>«    Formed  of  a  confused  ^gr^;ate  Qf 
small  crystals;  sometimes  acicular* 

c.  Parsing  from  the  preceding  variety  into 

a  granular  texture* 

d.  Flat  foliated. 

e.  Fibrous:  the  fibres  straight  or  undii« 

lated. 

It  varies  in  colour  tlirough  different  shades 
and  tints  of  green ;  from  dark  bottle  green  to 
sea  green,  and  even  to  white. 

SECOND   DIVISION. 
Compound :  of  two  ingredients* 

A-  Actinolile  and  felspar. 

B.  Actinolite  and  hornblende. 

C.  Actinolite  and  mica. 

D.  Actinolite  and  talc. 

£.    Actinolite  and  chlorite.. 

This  last  compound  is  also  enumerated  under 
the  head  of  chlorite  schist. 

THIRD  DIVISION. 

Compound :  of  thrpe  or  more  ingredients. 

A»    Actinolite,  hornblende,  and  mica. 

B.    Actinolite,  hornblende,  mica,  and  fdspar» 

It  is  not  unlikely  that  other  compounds  exist 
which  would  fell  into  this  division,  but  they  have 
not  yet  occurred  in  my  researches. 
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QUARTZ  ROCK. 


This  important  meorber  of  the  primary  strataf 
has  been  long  known 'to  geologists,  bnt  had 
never  been  thoroughly  understood  until  if  was* 
described  in  a  succession  of  papers  published  in 
the  Transactions  of  the  Geological  Society.  An 
abstract  of  these  was  aftei'wardsJntrdduced  in  the^ 
"  Description  of  the  Western  Islands/^  to  which' 
work  Ibe  reader  may  be  referred  for  a  fuller  ac- 
count of  its  geolo^csl  characteiiB. 

Quartz  rock,  like  the  primary  rocks  with 
which  it  is  usually  associated^  is  stratified ;  the 
distinction  of  the  beds  being  howeYer  much  more 
strongly  miarked  than  they  are,  either  in  gneis& 
or  micaceous  schist,  and  very  commonly  as  well 
defined  as  in  the  secondary  sandstones,  l^hey 
vary  exceedingly  in  dimensions^  even  from  an 
inch  to  many  yards  in  thickness  ;  and  as  they 
often  piossess  natural  joints, they  break,  like  many 
of  the  schistose  rocks,  into  rhomboidal  or  rectaii- 
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gular  fragments.  The  strata  are  occasionally, 
but  rarely,  bent,  and  they  never  present  those 
contortions  which  are  so  common  in  micaceous 
schist. 

With  regard  to  the  precise  place  which  quartz 
rock  occupies  among  the  primary  strata,  nothing 
positive  can  be  laid  down ;  since  it  10  found  al-^ 
temating  with  all  those  which  follow  granite. 

Under  the  head  of  gneiss  it  was  already  men- 
tioned that thi^rock  was  frequently  found  alter- 
nating with  it,  and  that  the  limits  of  the  two  w^re 
oftenl  undeflnable.  The  variety  which  occurs  iil 
this  case,  it  generally  that  which  contains  felspar 
as  an  ingredient,,  and  the  change  is  produced  by 
the  loss  of  the  other  ingredients  by  which  gneiss 
is  characterized.  In  this  association,  the  beds  of 
quartz  rock  are  often  inferior  in  quantity  to  the 
gneiss,  or  subordimde;  but  alternations  abo 
otour  among  strata  of  dimensions  so  extemtve  as 
not  to  permit  the  use  of  this  term. 

In  many  places  it  will  be  found  to  alternate  in 
thin  strata  with  micacemis  schist;  and  itwasal-' 
ready  shown  that  many  of  the  rocks  ranked  witfi 
this  substance,  contain  but  a  very  sparing  quan- 
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titjr  of  mica,  while  their  pred^mittant  ingredient 
is  quartz  in  Tarious  states  of  nnxture.  Such  va- 
rieties  hokiing  an  intermediate  state  between  two 
rocks,  have  nn  equal  claim  to  be  ranked  umikar 
either ;  bat  as  it  is  a  fruitless  attempt  to  de&lc^ 
tint  to  which  nature  has  not  set  bounds^  and  as 
no  advantages  ai-e  gained  by  multiplying  tonns 
to  repress  such  gradations,  it  ia  most  prop^  to 
class  the  doubtful  specimen  in  that  division  which 
is  tl^  [Hpedominant  one^  geologically  cQn«id«red. 
Thus  the  occasiooal  (uresence  of  mica  will  no 
nKMre  exclude  a  specimen  or  a  bed  from  theseriea 
of  quartz  rock^  than  the  (Hredominance  of  quarts 
will  remove  an  occasional  bed  fnmi  tiie  mass  of 
micaceous  schist  in  which  it  is  situated'. 

Bat  the  alternations  between  micaceous  schiirt 
and  quartz  rock,  are  often  more  decided  and  on 
a  laiger  scale ;  a  sudden  and  coniplete  change 
taking  place  where  they  meet.  Scarba  and  J  ura 
afibid  abmiidant  examples  (^  this  nature,  and  it  is 
also  to  be  found  in  many  other  paiis  of  Scotlloid. 
The  sp^e  occupied  by  the  quartz  rock  in  thesci 
cases  is  so  great,  that  it  constitutes  the  chief  part 
of  the  series,  and  cannot  therefore  be  considered 
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ais  subordinate  to  the  micaceous  schist.  In  many 
places  indeed  this  latter  substaiice  is  altogether 
Ti^nting ;  large  tracts  trf country,  exhibiting  strata 
of  some  thousand  feet  in  tliickness  consisting^ 
solely  of  quartz  rock;  giving  it  thus  a  decided 
daiin  to  be  ranked  as  a  principal  member  x>ftliet 
primary  class. 

As  micaiceons  schist  and  clay  sTate  have  been 
shown  to  alternate,  thus  quartz  rock  also  altei*-^ 
nates  with  this  latter  substance.  The  mode  o^ 
this  alternation,  like  that  of  the  former^  is  various'; 
the  laminae  being  of  greater  or  less  thickness; 
On  a  small  scale,  these  altemaliops  are  iiotun^ 
frequent ;  between  large  beds  they  are  rare.  Iti 
some  of  these  cases  the  same  gradation  occurs 
between  those  two  substances^  as  in  the  alterna- 
tiotis  of  micaceous  schist  with  quartz  rock ;  but 
in  othfers,  they  are  separated  by  a  precise  line. 
Of  this  lattei*  variety.  Jura  and  Scarba  offer  strik- 
ing exampli^  ;  the  quartz  rock  possessing  a  welW 
marked  and  independent  character,  and  forming^ 
a  pri'ncipal  member  of  the  whole ;  whWe  fhe  Hay 
slate  and  micaceous  schist  alteiTiate  with  it: 

A  more  interesting  alternation  is  that  of  quartz 
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rock  with  grey wackesehiBt,  anil  in! this  instance 
it»  analogy  widi  the  secondary  sandstones  which 
so  often  folk>w  that  substance,  is  particukrly  ap>« 
parent.  Jnra,  Scarba,  and  Lunga,  afford  con«. 
spicnoos  exatnples  of  this  association^ . 

It  is  also  found  associated  by  alternation  with 
primary  sandstone,  which  it  so  much  resembles 
in  many  important  particulars ;  but,  in  this  case, 
the  alternations  appear  always  to  be  on.  a  large 
scale,  or,  at  leaift,  none  have  occurred  within  my 
obserration  where  it  can  be  considered  as  subcrr- 
dinatfe  in  quantity. 

~  Peculiarities  of  structure  in  quartz  rock  are 
very  rare,  ImU  where  they  occur,  Jhey  are  in- 
tereatiiig  from  their  resemblance  to  those  which 
are  found  in  the  secondary  sandstone.  Thus  it 
often  contains  the;  indications  of  spheroidal, .  and 
of  a  cylindrical,  or  minutely  columnar^  imbed*^ 
ded  structure,  exactly  resembling  that,  heneafter. 
desctibed  at  more  length  in  the  acccnint  of  thqae 
rocks,  bitt  far  less,  distinct,  and  less  frequently^ 
exposed  by  the  action  ofthe  weather.  In  ^  fewi 
very  rare  instances  abo,  of  which  an  examine  » 
found  in  Glen  Tilt,;  it  contains  prc^nged  atid; 
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flattetied  cylittdrka}  bodies  of  crawkraUe.  8iz$, 
Tery  mucii  reoHxMiug  thow  found  in  the  seooo* 
dai7  mndstoneB ;  bitf  without  the  acaly  wr#ice» 
and  easily  detached^  even  ymAottt  the  asaijilaiipe 
of  the  weathmv  firooai  thesmrouodiiig 


The  rarieCies  in  the  mineral  dwaeter  of 
<j|tiartz  rock  are  numereus^  but  I  jahaU  l»mit  .^ 
enumeration  to  the  jdmA  inqmrtaat  m^  ths  best 
marked,  as  a  more  full  aocou«t  ofthlWl^i^l  be 
found  IB  the  SynopsisL 

It  is  occasionally,  but  rarely»  found  in  a  o^m* 
pact  state,  and  cryst^line  througkmit ;  JitUe  flif- 
fering  from  quarts  as  it  ocourain  Teins ;  hvi  eyea 
in  these  cases  showiiig  a  constant  tendency  to 
divide  in  parallel  beds.  More  gmetuAj^  whiw 
pure,  it  has  an  aspect  ohscurdy  granidar)  which 
by  d^rees  becomes  somewhat  lax  and  ai^enace- 
Mui;  the  grains  yaiying^  in  siae  and  in  the  inti- 
ma^^of  their  union.  In  some  of  tibcse  exampleB, 
itappearsto  be  a  granular  cryatalliaed  mssr ;  ja 
others,  it  possesses  a  mixed  meduucal  .aiud 
ehemtcal  texture ;  while^  in  a  thirdi  thefwmded 
aspect  of  the  grainsyandthesoKrilmmibarof  ttie 
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p6ints  of  conlttct,  tppmr  to  iadieate  an  oingm 
chiefly  tneciiaiiital)  and  limiltiiig  firom  the  agglu* 
tinattoii  of  Mild.  TbeM  we  iU  Tarietits  when  in 
theimreM  trtale ;  aend  I  iiaay  add,  that  canities  are 
80tnediiie»  fband  in  the  i^iecinienii,  coataiiiing 
regular,  although  minute,  etyitaki. 

The  uesLty  cmd  perhaps  the  prevailidg  variety 
of  Hif*  toek^  couatots  ^  a  nrixtune  of  quartz  and 
fidapar ;  and,  fmtn  <he  ktter,  it  generaUy  deriTes 
a  reddMi  bte^  Itatdctnre  is  Tarious,  the  grains 
of  fUspar  being  aft  tiUMs  imbedded  in  a  erystalline 
quarts,  while,  knore  fipequendy,  the  whole  rock 
is  a  mass  of  i^gtotimted  grains  of  the  two  sub^ 
Msncei;  in  tarious  proportions  and  of  Tarious 
sizes:  In  every  mstanGe  it  has  a  folialed  dispo- 
sition ;  and,  sometimes,  e^eti  the  texture  is  tte 
sam^,  since  it  splits  ii^  kminsa  of  extreme  tbin^ 
nesB. 

Itie  next  remm'kaMe  variety  is  that  in  which 
qoarta  »  intermixed  with  mica;  but  I  have  al^ 
ready  said  alt  that  h  necessary  on  difs  subject 
wtuxB  treiBtfng  of  ftl  altematiou  and  affinity  with 
imeacebos  schist.  I  may  only  add,  that.  In  ttiese 
«SM8,  it  often  iidmits  oC  being  spKt  in  the  direc- 
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tiOR  of  the  mioaceous^Jaaiiiifle  into  large  flaga  ap- 
plicable to  the  puipMes  of  architecture. 

Traciog'  the  progpefn?  of  the'granular  kiml,  we 
find  tbem  id;  length  oonsiatjng  of  gfaios  ao  laiige 
as  to  appear  n^ere  agglutinations  of  ^ra^el,  with 
occasional  Tacqities  among  die  grains ;  nor  is  it 
uncommon  to^nd  i^^meiis«>titMning  reundeil 
pebbles  of  large  size.  In  diese  varieties  dle^ 
marks  of  mechanical  jfoem&lLion  ar^  pbvious ;  and 
they  are  rendered  still  more  so  by  the  p^eanonal. 
intrusion  of  dissimilar  fragmentSy  such:^^  jaqier^ 
day.slat^  and  micaceous;  «ol}ist,  esifonples.oi 
which  occur  so  as  to  form  considerable  beds  botk 
in  Scarbi^  and  ip  Jura.  From  these^  the  passage 
into  common ^raywacke  is  easy,  and,  in  these 
islands,  abundantly  obvious. 

Quartz  rock  never  appears  to  contain  any  un^ 
essential  minerals  capable  of  modifying  its  gene^ 
ral  characters;  and  it  is  equally  remarkable  that 
it;  is  veary  ra^elj  the  repository  of  any  indqteii*- 
dent  mineral^  except  garnet  and  pyrites. 

The  colours  are  extremdy  limited.  ;  In  the 
purer  varieties,  white  ia  die  predominant  hue  { 
but  they  are  occaskmally  to  be  found  tinged  wi^ 
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ocbre  yellow,  or  with  reddish,  and  even  dark 
purple  tinte.  Where  mica  is  present,  the  colour 
is  often  grey ;  and  the  presence  of  felspar,  in  the 
same  manner,  often  confers  a  pink  or  flesh 
.ooioured  hue  on  the  compound  rock. 


SYNOPSIS  OP  QUARTZ  ROCK. 

FIRST  DIVISION. 

Simple:  of  quartz  alone. 

A.  Pore  quarts,  resembling  that  which  occurs  in    , 
veins. 

a.  Hyaline. 

b.  Opake. 

B.  Pore  quartz,  compact,  lamiasp;.  often  very 
finely  fissile  or  almost  scaly :  sometimes  laminar  and 
striated. 

C.  Granulat  splintery;  occasionally  passing  into 
the  uniformly  compact. 

B.    Gffsnular:  with  large  grains  or  conci*etions. 
a.    Crystalline  compacted,  and  either  trapspa- 

rent  or  opake. 
U  .Oravelly,  with  distfasct  csndeased  grains*  ^ 
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C.    AreiMtceoos*  or  fiuely  granular^ 

a.  Coudeuaed  aaccliarme,  passing  into  var.  C^ 

b.  ]>>oae,  areDaceous,  reaeinbling  the  second 
dary  sandstones. 

These  varieties  are  occasloiiaUy  iikiebAi  grey, 
or  ochre  yellow,  or  brown  or  dark  red,  or  deeply 
stained  on  the  imr&ce  witb  a  reddiab  yellow  from 
the  decomposition  of  pyrites.  They  are  some- 
times yellow  internally,  aqd  bleached  on  the 
surface  to  a  pure  white.  They  also  f^m  into  t|ie 
red  primary  sandstone. 

SECOND  DIVISION. 
Cotnpoubd:  of  two  ingredients. 
FIRST  svBDiYisioy,'-^Of  quartz  anil  felspar , 

A.  The  quartz  compact|  opake  or  byalioe,  with 
imbedded  particles  of  felspar  irregularly  dispoaed. 

B.  Similar  Farieties  of  quartz  with  intersperaed 
felspar,  but  with  a  laminar  tendency ;  the  felspar  also 
predominating  in  one  lamina  rather  than  in  another. 

Tliis  variety  often  presents  a  resemblance  to 
gueisH,  which  it  frequently  accompajtties* 
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C.  An  aniform  rode,  more  or  less  laminar,  with 
a  Aradure  iDtermediate  between  the  granular  and  splin- 
tery* 

This  rock  is  apparently  homogeneous,  but  is 
proved  to  contain  felspar  by  the  white  siliceo- 
ai|pllaceous  crust  which  it  asnimes  on  weadier- 
ing.  A  similar  rock  occurs  widi  the  primary 
sandstone,  where  it  is  also  enumerated. 

D*    The  qnartB  and  felspar  boA  ift  distinct  grains 
and  intermixed  in  varions  proportions. 

a.  Highly  compacted,  and  cemented  by  silica, 

or  quartz* 

b.  Gravelly,  or  sandy,  sometimes  loose* 

There  are  many  different  aspects  of  these  ya- 
rieties,  arising  from  the  varying  proportion  of 
the  two  ingredients.  In  some  cases,  the  felspar 
beaiB  a  very  small  one  to  the  quartz ;  in  others, 
but  more  rarely,  it  is  the  reverse.  In  some  spe* 
cimens,  the  felspar  being  white,  it  can  scarcely 
be  detected  but  on  weathering*  Varietiei  of  a 
large  grain  are  occasi6naIly  found,  in  which  the 
particles  are  large  and  have  sufiered  little  attrition 
before  tiieir  consolidation,  and  these  have  been 
sometimes  mistaken  forgr^tiite^ 
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SECOND  SUBDIVISION. — Of  quartz  and  micijL. 

Am    C!oi|ipact,  quarts  with  iDterspersed  soaks  of 
inica. 

a.  Tbejqttartz  opake.      • 

b,  Tbe  4<iartz  byfdiiier  * 

This  latter  sometimes  forms  the  substance 
well  known  by  the  name  of  avaDturine,  and  al- 
ready noticed  under  micaceous  schist;  ^  co- 
lours varying  ac<M)rding  to  those  of  the  tnica  or 
the  quartz. 

B.    Lamibar;  the  laminatioir  of  the  quartz  being 

ebiefly  detemiiiied  by  the  position  of  the  wca. 

'  a.'   The  mica  in  distinct  jstoalesi  disper^edf  but 
.       parallel. 

b.    The  mica  accumulated  in  distinct  laminee. 


This  viatriety  passes  into  micaceous  schist,  and 
is  enumerated  under  that  head.  It  forms  the 
bond  of  union  between  these  twp  rocks.'  Thje 
eolonn  49f  these  varieties  dtflfer,  according'to  those 
of  the  mka  which  ihqr  ixwlain^  . 
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THUS  SUBDIVISION* — Of  quattz  and  blue 
9cki$to&e  clay. 

Ai  '  A  iMBiBar  alteinotion  of  put^  i)dir<2  and  clay 
slate. 

B.  Quartz,  arenaceous  and  minntely  interlami- 
nated  with  black  or  blueish  clay ;  resembling  some  of 
the  sandstones  that  accompany  coal. 

C.  Quartz  sand  intimately  mixed  vith  hlueish 
clay. 

This  passes  into  the  fine  graywacke  SK^Mt 
irhtcb  alternates  with  some  examples  of  quartz 
^od^.  ,     ) 

THIRD  DfVISION. 

Containing  more  than  two  ingredients,  or  of  a 
conglomerated  structure. 

A.  Quartz  sand  alone,  or  sand  and  grarel  of  quartz 
and  felspar,  with  imbedded  pebbles  or  fragments  of 
quartz. 

B.  The  same,  with  fragments  of  argillaceous 
schist. 

C.  The  same,  with  fragments  of  micaceous  schist, 
or  with  both. 

These  latter  varieties  pass  into  coarse  gray* 
wacke  schist,  and  gray  wackeconglomerate,  as  the 
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former  do  into  fine.  They  present  great  varie- 
tifli  of  comptctness,  and  are  either  distinctly 
schistose  or  not  They  may  be  equally  ranked 
with  the  graywackes  under  the  head  ofaigilla- 
ceous  schist 

Quarts  rock,  when  in  the  vicinity  of  granite, 
is  simietimes  broken  and  M-omitod,^^  fiMnsng  pe- 
culiar local  conglcMuerates ;  and,  in  these  cases, 
the  cavities  which  sometimes  occur,  contain 
iquactzx^lTstds. 

I  have  obamred  no  flttntrab  imbedded  in 
quartz  rock,  except  garnet^  hornblende,  nxydxk- 
lous  iron,  and  titanite ;  and  even  these  are  rare. 
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Tvii '»  MV  for  ti|e  fifsttime  introdnoed  into 
.A  catalogue  of  pocks^  4j^  abstract  of  tkemsons 
lor  tbig  muDvatioD  may  bt  deduced  ffon  the 
fiketcb  of  its  geoJogical  eonoectious  which  fel-' 
lows.  A  more  full  account  of  the  histpiy  <^  this 
interestiDg  member  of  the  primwy  strata^  is  inad- 
missibk  in  this  work ;  luit  it  will  be  found  ia 
the  authors'  volumes  already  quoted,  where  an 
.am{»le  detail  is  given  of  the  evidence  which  jas- 
tifies  the  arraogem^t  here  adc^rted. 

If  the  specimens  are  sometimes  not  very  dis- 
tinguishad^e  from  those  which  are  found  in  the 
lowest  sandstone  of  the  secondary  class,  the  geo- 
logical nature  of  this  classification  did  not  the  less 
demand  the  present  proceeding ;  which  iS|  more- 
over, strictly  analogous  to  that,  long  since  sNlmit- 
ted  in  tiie  case  of  limestone ;  in  wbi<^  rock^  pt 
distinction  between  the  eianqdes  foond  ia  the 
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primary,  and  those  occurring  in  the  secondary 
classes,  is  often  equally  difficult. 

The  alternations  of  red  sandstone  on  the  large 
scale,  are  with  gneiss  and  with  quartz  rock  ;  and 
as  it  has  hitherto  been  examined  only  on  the 
north-west  coast  of  Scotland,  the  history  of  its 
geological  position  is  limited  to  the  phenomena 
there  visible.  Under  this  system  of  alternation; 
it  occupies  very  extensive  tittcts,  forming  also 
some  of  thehigh^t  mountains  which  Scotland 


Although)  in  some  places,  its  regular  alter- 
nation with  the  gneiss  is  distinctly  perceptible, 
ill  cithers  it  feHows  die  stratik  of  that  rock  in  a  re- 
Tersd  or  unconforming  position ;  being  some- 
times nearly  horizontal  wherie  diese  are  much 
elevated.  In  these  Instances,  ibe  sandstone  ap- 
pears to  be  cohtiected  with  the  jgtieiss  by  Ihe  ini- 
torentionof  a  congldmeirate  fonhed  df  ihigment& 
of  the  latter,  which,  generally  however,  seems  to 
•ocifcu|>y  a  ve^  limited  space'/ 

Wherier  If rialternates  ita  a  parallel  maimer  wiA 
the  gfteit»v  il^'is  cifU^ft  found  to  pass  into  that  rodfc 
iff  all  i$ii(i^nal>Ie  transi^dn  \  and  thiiils  effected 
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in  two  modes*  In  9cy,  the  gradation  it  produeed 
by  the  gradual  atttouation  of  tha4>^  of  argiUa- 
ceoua  acfaint  which  ao  frequently  alternate  with 
tfua  aandatoine.  These  gradually  become  the  la« 
mintt  of  a  variety  of  goeiai  which  is  described  in 
the  acooont  of  that  rock ;  and,  finally  cbaofps^f 
their  character  info  chlorite  schiist,  they  produce 
another  mriety  which,  in  a  manner  equally  im^ 
perc^tible,  pastes  int6  the  best  chankrterized 
beds  bfthat  substance.:  Ih  other  places^  the  beds 
of  *the  ai^fillaoeoiui  schist  form  the  bdnd  of  union  i 
alteisEiatang  in  such  a  manner  with  the  sthUa  of  the 
sisidslone,  and  with  those ,  of  the  gneiis  also,  that 
it  is  impossible  to  fix  on.  a  point  where  the  tiiB» 
flition  can  with  certaijity  be  said  to  take  place. .  r 

The  braositioa  fi^om  the  red  sandstteie;  to 
quarts  rock,  is,  Qip  account  of  the  affinity  irf" the 
^two,:so  easy,  that  it refuifts  i«>  particubr  notice:; 
particularly  as  it  is  m^nlifwed  in  treating  of  tint 
aubstance. 

Besides  these  exteosiTe  dt^malioiis  of  the 
^^t  tracts  of  red  Sandstone,  the  atrnta  ahetoate 
with  many  varieties  of  avgillaceans  schist  as  ^  was 
ttotioed  ia  the  UsH  pan^gnq^-;   hot  most  fre« 
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quendy  with  tboM  i>f  a  eoiorse  texture,  wUcb 
contain  eitKer  t^xA^  ar  sadd,  or  both,  and  wiiieb 
are  eomnodly  known  by  ike  name  of  gyay%¥aelie. 
In  mAst  cues,  the  acbist  i»  far  inferior  in  ffoua* 
tiiy  to^iiie  sandskMie;  nnd^m  nany^  it  is  cninreiy 
absent  ftx*  a  very  considerable  space.  Some  few 
instancy  may  however  be  eteenred>  where  it 
iSMmi/fsnAAy  exceeds  that  ikm^,  and  where,  if  tf>e 
ienn  sbbwdinate  were  admissibki,  the  saMalone 
shoaWbeconsidereid  the  sobofdmate  subitraoe^ 
RespedMg*  these  aHertiating  sdiists^  it  may  yet 
li^  Mniil[led,  thkii  some  M  them  contaiti  ifmg* 
metits  of  elder  rodtS)  and  that  a  few  are  htghfy 
indrilmfed,8D  as  ahiiost  to  loae  tiieir  odhnary  cha- 
racters.  If  evtt  the  ^Aodslone  appeara-  to  ^pass 
into  the  sdnsto)  the  trancrition  is  almdst  always 
'tdeimperfeot  to  desenre  notice  as  an  instance  of 
Awt-oecnrrence.  In  most  cases,  the  two  rockl^ 
are  separated  iti  a  very  decided  msmner* 

The  thickness  of  the  strata  is  extremely  varl- 
aMe ;  amoinrting  aometimes  to  um^y  yardfai ;  and 
in  those  cases  where  schist  is  present,  they  are 
-fireqnently  of  extime  tennity.  In.sotne placer, 
4fa^  beds  are  even  sqmrated  into  thdr  kininee 


Digitized  by 


Google 


KBD  PRIMARY  aANMTO!CR»  336 

Without  the  iptcrvCTtion  of  tdart^HPrnrtiaMti  it. 
ipould  appetr^  from  the  acdoR  of  "the  trMthflsr, 
and,  at  otbenB,  in  consequenoe  of  a  slwMJcr  miai* 
oeooi  buaina ;  in  which  cases  they  o&en  tiiaem^ 
ble  the  Uamnaiv  ar  schifltbte  mdrtonea  of  the 
saoandarf  dbai* 

These  sftaHi  fike  tbost  ofgnetss^  we  iaflsuij 
ptaoea  sahjecC  to  flemve  abd  osatortiim ;  scad 

where  then  flexures  are  suddeui^  coQsiderabH 
it  is  not  aniMial  for  the  stratified  ^poeitioQ  to 
imilsb  entirely,  and  in  such  a  menner  as  to  ptt^ 
uit  a  gradation  to  be  traced  from  the  most  ship^ 
less  »d  fractwed  maa»  to  the  ftiost  rq;«1ar  strati^ 
fication.  In  sach  cases,  the  abiqieless  mass  is 
hroken  op  difided  into  very  itT^iilar  an^pfte* 
portioaa ;  b«ft  the  more  regular  strata  are  cam- 
moi^y  split  isto  prismatic  and  cuboidsd  Jnasswi 
like  granite,  and,  when  the  angles  haw  besai 
rounded  by  exposure,  scarcely  to  b«  distiBguariiad 
from  them  at  a  distanccv  The  only  odier  ciri 
cumstaace  of  mtemaljrtrttotuFe  dewrring  m^tiefr 
in  tlH»  rock,  ia  an  iodidatioii  on  the  sorfMCiaC 
the  beds,  which  is  also  knowfi  to  occiir  ias  the 
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secoodaiy  sandsttMies^  and  which  so  iRuch.ket^ 
sembks  the  mariu  left  by  the  retijrijQg  sea  on  a 
shweofiwid. 

>  The  teaitareof  this  rod^  is  vaiioiis.  .  It  kjsome- 
times  fiae  and  gntimlar».  resembling  die.iki<Mre 
ordinary  varieties  of  the  red  sandrtone  of  ibe 
secondary  cfaup.  But  it .  is  much  mote  common 
to  find  the  granular  intennized  irith  a  coi^kintt*; 
ons  crystalline  t»ture ;  or  the  grains,. which. oc--^ 
casionally  «4h«re  by  mere  agglutination)  are 
unit^.  into  a  txmtuittQUs  mass  by  a  cemait.of 
crystalline  quartz*  Xhi4. compactness  is  s^^e-i 
tibtfss.so  perfeot,  that  the  marks  of  a  granular, 
imbedded  structure,  nearly,  or  entirely ,^  disap-. 
pear ;  and  the  sandstone  th^  resanbles  those  va-^ 
rieties  of  quartz  rocdc  whidti  are  scarcely  distin-* 
gniiriiable  from  coknmon  venous  quartz.  Under 
anch  circumstances  also,  and  undef  particulari 
modes  of  oconposition,  it  som^imes  presents  a 
minute  splintery  fracture.  It  is  .in  this,  circum-. 
rtance  of  frequent  and  crystalline  Qompactness^. 
that  this  sandstone  is  principally,  distinguishable,, 
in  hand  specimens,  from  those  of  the  secondary. 
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class.  When  doubts  arise  on  that  subject,  the 
geological  position  is  necessarily,  as  in  all  analo- 
gous cases,  the  only  guide. 

The  texture,  from  being  ^finely  granular,  or 
arenaceous,  becomes  gravelly  or  coarse,  and,  at 
length,    passes  to   an    ordinary  conglomerated 
structure.     That  mode  of  disposition,  however, 
often  differs  sufficiently  fVom  that  which  occurs 
in  the  secondary  sandstones,  to  enable  a  minera^ 
loofist  who  is  acquainted  with  both'  rocks,  to  re- 
cognize the  difference,  even  in  hand  specimens. 
Where  the  fragments  are  numerous  and  nearly 
equal  in  size,  they  are  often  united  in  such  a 
manner  by  a  crystalline  agglutination,  as  to  de- 
ceive an  unpractised  eye  so  as  to  pass  for  granite. 
Where  they  are  rounded,  however,  as  is  most 
frequently  the  case,  that  mistake  cannot  happen. 
Moreover,  even  in  the  coarsest  conglomemtes, 
the  fragments  are  often  united  by,  or  imbedded 
in  a  crystalline  basis  like  that  which  forms  the 
finer  varieties.    It  must  lastly  be  remarked  on 
the  subject  of  texture,  that  single,  or  widely  de- 
tached fragments,  are  very  commonly  found  im- 
bedded in  the  finer  varieties,  even  throughout  a 
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'whoje  series  of  strata ;  a  cirqumi^Dce  of  very 
rwe  .occurrence  iu  tbie  secondary  (sandstones. 

The  mineral  composition  of  this  rock  is  iu 
general  for  simpler  than  that  of  the  correapend- 
iug  secondary  sandstone;  a  circumstance  not 
difficult  of  explanation  when  its  more  antient 
origin  is  considered.  The  prevailing  strata  con- 
sist either  of  quartz  alone,  or  of  quartz  mixed  with 
fi^spar;  and  the  latter  mineral  is  much  more 
commonly  crystalline  than  reduced  to  the  state  of 
day.  Argillaceous  varieties  are  therefore  com- 
paratively rare,  and  mica  is  also  very  seldom 
found  in  this  sandstone.  In  the  conglomerate 
varices,  the  prevailing  fragments  consist  of 
quartz  and  fdspar.  Red  jasper  is  also  not  wifre- 
quent;  and,  if  the  compound  rocks,  of  which 
the  characters  are  still  to  be  traced,  I  have  rarely 
observed  any  except  gneiss  and  argillaceoMS  Bcbi»t 
Where  this  latter  rock  abounds  in  the  frs^pmentB, 
it  often  also  forms  a  sort  of  joint  cement  for  the 
whole  mass,  and  the  specimens  of  this  character 
thus  pass  into  a  grayw^eke  or  coarse  ai^Uaceous 
Bchist.  All  these  fragments  may  be  either  angur 
lar  or  rounded ;  but  the  latter  form  is  prevalent, 
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and  the  jasper,  in  particular,  seems  to  be  invari- 
ably wem  by  attrition. 

The  prerailing  tints  are  Tari^ies  of  red,  but 
they  aife  more  particularly  detailed  in  the  «y- 
nopBis. 


SYNOPSIS  OF  PRIMARY  SANDSTONE. 

FIRST  DIVISION. 
iSimple  :  apparently  of  quartz  onh  • 

A.  Granular. 

a.  Coarse  grained* 

b.  Fine  grained,  passing  to  compact* 

B.  Conpact,  libe  fnoture  rougfay  bat  tbe  grains 
scarcely  distinguishable :  passes  into  quartz* 

C«  Splintery  in  the  fracture;  passing  into  the 
granuhir,  and  sJso  into  the  compact :  some  of  the  tb^- 
tialies  bare  an  fispf  ct  oracb  roMnbltag  thai  of  cMipMH 
felspar. 

The  colours  are  yaciousi  but  modificatbM  of 
red  are  predominant.  These  are,  pink,  bright 
toick  redt  brown  red,  pnrf^  red :  it  also  occurs 
of  a  pale  grey,  of  a  lead  blue,  of  an  ochre  yellow, 
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of  a  dark  brown  approaching  to  black,  of  black 
and  red  intermixed,  of  red  s^d  white  intermixed 
in  stains,  or  in  stripes  and  laminae,  and  of  a  pure 
white.  The  colour  is  disposed  in  the  mottled 
varieties  exactly  as  it  is  in  the  secondary  varie- 
gated sandstone,  but  these  varieties  are  rare. 
The  white,  is  ordinary  quartz  rock,  into  which 
this  rock  passes  and  with  which  it  is  sometimes 
connected. 

SECOND  DIVISION. 
Compound  :  of  two  ingredients. 

A.    Of  quartz  and  felspar. 

a.  Distinctly   granular,    and  each   substance 

easily  distinguishable. 

The  colours,  and  consequently  the  aspects  of 
this  kind,  are  various ;  as  both  the  ingredients 
may  be  red,  or  white,  or  either  may  be  of  a  dif- 
ferent colour  from  the  other.  It  also  differs  ma- 
terially in  the  size  of  the  grains,  varying  from 
gravelly  to  fine  arenaceous. 

b.  A  mixture  of  quartz  and  felspar  so  inti- 

mate ^at  the  latter  substance  is  only 
discorered  by  the    weathering  of  the 
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Stone,  when  it  assumes  a  white  siiiceo- 
argillaceoQs  crust.  The  fracture  is  com- 
monly  splintery  with  a  translucent  edge* 

This  variety  appears,  at  times,  almost  to  pass 
ioto  compact  felspar.  The  colours  are  generally 
shades  of  grey ;  leaden,  pale,  or  greenish  ;  more 
rarelv,  red. 

B*    Of  quartz,  sand  and  clay. 

a.  The  clay  red,  and  appearing  to  be  the  result 

of  decomposed  felspar. 

b.  With  grey  clay,  apparently  produced  from 

decomposed  schist,  and  of  various  shades 
of  grey,  often  nearly  black. 

This  variety  passes  into  common  fine  gray- 
wacke,  and  into  fine  argillaceous  schist,  (clay 
slate,)  with  which  many  varieties  of  the  primary 
sandstone  alternate,  as  before  mentioned. 

THIRD  DIVISION. 

Compound  :  of  three  or  more  ingredients. 

A.    Quartz  and  felspar,  with  mica. 

This  variety  is  more  or  less  distinctly  laminar ; 
the  laminae  being  determined  by  the  mica.  It 
passes  into  a  flaggy  or  schistose  sandstone. 
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B.  Qaartz  and.  febpar,  mA  blue  gcbistote  clay 
and  miea,  or  quartz  aloae,  iHtb.  the  two  latter  ingre- 
dioRtm 

Tkm  variety  is  more  or  less  bmiBar,  and 
peases  into  tke  micaceous  gray  watke  which  dse 
altomates  with  the  primmiy  sandj^tone^ 

FOURTH  ssviaacoi. 

With  a  coarse  tfbuctiire:  sandstone  con^lo* 


mevsilbc. 


A.  FragmaAto^quactz  att4  feispmr  firmly  united 
by  crystalline  quartz* 

B.  QoartZy  felspar,  and  hornblende,  simflai-ly 
QompBcted,. 

C»     Quartz,  and  felspar,  with  fragments  of  jasper. 

D.  The  same,  with  fragments  of  schist,  or  with 
both, 

£•  Distinct  fragments  of  gneiss,  and  of  granite, 
firmly  cemented  by  solid  quartz, 

F,  The  same  substances  in  gretiter  or  less  ttum« 
ber,  with  so  large  a  proportion  of  schist  as  to  pass  into 
a  conglomerated  graywacke,  under  which  it  may  also 
be  equally  ranked. 

These  difibreiDt  esnnpemds^  pi^oaent  ai  great 
diversity,  of  depecty  and.  am  c nuB)€jiated  h^re  as 

well  as  undei!  the  head  ef  cqn^Gmm^e^t'fof  the 
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purpose  of  rendering  more  complete  the  history 
of  this  hitherto  neglected  rock. 

The  only  mineral  which  I  have  yet  observed 
in  this  sandstone  is  garnet.  It  occurs  either  in 
indistinct  crystids,  or  diffused  ;  and  is  only  found 
in  the  very  compact  varieties,  which  are  charac 
terized  by  an  uncommon  degree  of  hardness 
wherever  it  is  present.  The  presence  of  thi# 
mineral,  which  is  unknown  in  tbeiiecondary  red 
sandstone,  may  be  regarded  m  sn^  additional  and 
important  characteristic  mark  of  difierence  be- 
tween the  two;  and,  from  analogy,  as  indicating 
a  much  more  antimt  origin,  since  it  belongii  ex- 
clusively to  the  primary  rocks. 
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UwDER  this  head  are  included  all  the  schista^e 
argillaceous  rocks  of  the  prinaj^i-y  class,  however 
differing  in  texture,  and  it  thus  comprises  the 
clay  slate  and  the  gray  wacke  of  some  geologists. 
The  reasons  for  adopting  this  innovation  are  the 
following; 

In  all  cases,  the  coarser  and  finer  varieties  of 
this  rock  occur  as  parts  of  one  series,  however  the 
one  or  the  other  variety  may  predominate  in  par- 
ticular  instances.  If  ever  fine  beds,  or  sti-ata  of 
clay  slate,  are  found  unaccompanied  by  coarser, 
or  if  the  coarser  are  occasionally  seen  excluding 
the  finer,  these  instances  are  insufficient  to  jus- 
tify a  reparation  of  the  two,  any  more  than  the 
separation  of  gneiss  or  of  micaceous  schist  of 
coarse  and  fine  textures  would  be  justified  by  si- 
milar circumstances.  Moreover,  even  the  same 
bed  will  sometimes  present  both  textures;  the 
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yariation  taking  place,  eithet*  laterally,  according 
to  the  extent  of  the  strata,  or  transverHely,  accord- 
ing to  their  stratification. 

Lastly,  this  arrangement  is  justified  hy  the 
corresponding  practice  in  the  case  of  sandstone 
which  this  rock  resembles  in  its  prevailing  me- 
chanical texture  and  composition.  In  that  rock, 
no  geological  distinction  is  made  between  the 
varieties  of  fine  and  those  of  coarse  texture ;  al- 
though the  differences  between  the  conglomerates 
and  the  fine  sandstones,  are  far  greater  than  any 
that  occur  in  the  series  of  argillaceous  schist.  It 
will  indeed  be  seen  on  the  slightest  review  of  the 
former  i^^em  of  division,  that  it  has  arisen  from 
defective  observations,  combined  with,  or  biassed 
by,  hypothetical  notions  respecting  a  supposed  ne- 
cessity for  placing  the  coarse  argillaceous  schists,' 
^<*  gray wackes  in  a  transition  class.  That  such^ 
mechanically  recomposed  strata  should  occur 
among  the  primary  rocks,  is  no  more  caUse  of  sur- 
prrse  or  difficulty,  than  that  conglomerate  vari^ed* 
of  m^icaceous  schist,  or  of  quartz  rock»  or  of  red 
sandstone,  ^ould  be  found  in  the  same  siiiiqition. 

Argillaceous  schist,  like  micaceous  adiist, 
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occwEPin  two  mede^;'  in  the  one)  foranng  veiy 
exleomve  tmcts  of  countiy ;  in  liie  other»  aker* 
Dating  in  small  proportion  wiUi  many  ether 
rocks,  a»d  often  in  a^  very  intricate  manner. 

In  this  country,  where  it  is  found  occupying 
great  spaces,  it  is  generally  the  upperamst  mdk 
of  th^  primary  strata,  being  immediately  fMlowed 
by  the  secondary  class.  The  same  remark  has 
been  madein-otfaercouB^es;  but,  in  many  in- 
stances^  there  is  reason  tQ  suspect  that  these  ob- 
servQttioM  luMre*  been  biassed  by  theoretical  no-^ 
tions  respecting  the  place  which  it  is  conceived 
ikedei»ariiy  to  hold  in  the  order  of  nafarc  Im 
otfaei»  easeS)'  it  alternates  with  one  or  more  of  ^ 
the  primary*  «lMta ;  ofte»  also  lyiixs  ^*  the  imol^ 
diifte i^cinity  of  gimite^as) it* does  in^ CormtalL 
In  Sb^land  hoiviever  these  alternations  chie%^ 
occur  wHere  it*  occupies  a  small  space  in  oooapi^ 
riHofir  wilh  the^othw  rocks  among  which  it  liAi^ 

Ih  thin*  manner  it  is  fimnd  acoomt>anying 
gntfissi'  milraMOuft  sdiilt^  qpuattz*  tock^  and  reA 
fitawdflltoDe^  aMdv  in»the  httnr  cafti^  iA  wmethaefr 
appeiWtlb«dEbtqDi^ite€tssary  p  scnes^  » 

ahttttdjr  Mii^mdei^thatfhdBd. 


Digitized  by 


Google 


]jL Jwaabd  tki  coMected  iaiei^  it  CaNrtu  a 
tmpt^  aariat  wHb  qportz  M>ek  aad  tni^ttMOW 
iqhist)  occuvring  in  very  tbiB'  beds  and  ia-  iife- 
,  lyaaitalteraatiotts;  aiad,  on  the  adjoiaing  main 
laod^  in  many  piaites,  chlorite  achitt  and  lime- 
stone art  mperadded  to  this  series. 

%i  the  line  which  forma  the  Highland  boun<- 
dary  to  the  southward,  it  occurs  in  a  similar  way 
in  a  Very.  inn^;iilar  manner ;  the  different  ^larieties 
beibg  ititermiKed  with  chlorite  and  micaceous 
schi^^as'alflo  with  limestone  and  minale  bedipof 
gneissw  Therisland  of  Bute  preMits  tbn  sferias 
in  great  perfection. 

Tbt  fliratificalianr  of  ivgillaMaus>  adtaH  admits 
o£  BO  qudBtioii^  howftrer  diffioultt  it  may  oftent  be 
t»*ttacetfaeihcds.  They  drd  sootetimef  eoitfeiidy 
tirr^^ar  in  tbeir  fon»  and  dnpgtfitiony  and  th^ 
mry  ytry  maeh  m  dimensidn.  Where  they  iA^ 
tnattte  with  other  rocba  in;  A»  meam^r  lastdei^- 
mibedv  Ibtyare^  often  Tery  thia ;  hut  wheM  tbi^ 
O0tiir  in^  extensive' trnefs  and  immised,  Atiy  ittiiil^ 
tttsudi  a>  thickness^  tbi^:  it  i»  ft^equdtfily  isspoi^ 
sibte to  diioOT^theplatteei  wli€r(r they  aM's^qpi^ 
rated;    Iwtlli»raqiec«  ti«^pM»MK  tlMsam 
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fieulty  as  micaceous  schist ;  in  wbidi,  as  already 
remarked,  it  is  often  impossible  to  trace  the 
divisions  of  the  strata.  These  separations  be- 
tween the  beds,  are  sometimes  caused  by  in- 
tervening rocks  of  some  other  character ;  but, 
niore  frequently,  they  result  from  a  change  of 
texture  in  the  approximate  parts  of  the  general 
mass. 

The  strata  of  argillaceous  schist  are  subject  to 
flexures  similar  to  those  which  occur  in  mica- 
ceous schist  and  gneiss;  but  the  rock  itself  is 
rarely  contorted  in  the  very  minute  manner  in 
which  those  sometimes  are. 

It  presents  also  some  varieties  of  intemal 
structure,  one  of  which  constitutes  its  chief  vidoe 
for  the  purpose  of  architecture.  This  is  the  schis- 
tocte  disposition,  in  consequence  of  which  it  is 
capable  of  being  split  into  slates,  of  considerable 
tenuity /m  many  cases ;  while,  in  others,  it  vaAet 
presents  imperfect  indications  of  a  fissile  ten- 
dency, than  the  property  of  dividing  into  ccmti- 
naous  plates.  This  quality  occurs  both'm  die 
finer  and  coarser  varieties;  but  tbe  former  pa»*. 
sete  it  in  the  most  p^ect  manner,  although  mangr- 
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of  thelattar,  or  the  graywacke  sdnrts,  are  suffi- 
ekntly  diyisible  ibr  ceconomical  purposes. 

In  most  cases,  these  laminee  are  indefinitely, 
akhough  imperfectly,  divisible ;  so  that  the  entire 
stmcture  of  the  stone  is  schistose,  or  nearly  scaly ; 
but,  in  others,  it  appears  limited  to  some  defi- 
nite dimension,  so  as  to  afford  examples  of  that 
which,  in  the  8tfa  chapter,  is  distinguished  irom 
tbe  schistose  structure  by  the  term  laminar. 

In  general,  the  schists  are  flat,  being  scmie- 
times  also  smooth ;  but,  in  others,  they  are  mi- 
DUtdy  undulated.  In  some  rare  instances,  how- 
-erer,  an  example  of  which  may  be  seen  in  the 
isbiid  of  Luing,  the  laminae  are  bent  while  the 
strata  themsdves  are  straight.  This  occurrence 
indici^es  that  the  laminar  disposition  is  not  inva- 
riably tbe  consequence  of  the  mode  in  which  the 
it>ck  wds  deposited;  a  fact  which  is  further 
proved  by  the  following  circumstances. 

Although  the  fistale  tendency  is  often  parallel 
to  the  plane  of  stratifici^on,  it  will  som^mes  be 
observed  to  lie  in  an  oblique  direction  to  that ; 
proving,  as  in  the  former  case,  thai  it  is  the  re- 
sult of  a  concretionary  structure.    A  more  cer- 
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tatn  proof  of  tUts  it,  in  scNue  iwitaBces,  dffoi4ed 
by  the  pefwrtence  of  the  fissHe  tendency,  or  liie 
lines  of  :flplittiiig,  trough  -beds  ivbich,  m  differ- 
ent  plaees,  present  an  ^Iten^aftiog  finie  and  coane 
ieKtuK  indkBcttng  tbe  true  position  of  die  tstiMMa, 
or  that  in  which  the  deposition  of  the  materMs 
took  plaee. 

As  iiie  seaiAft,  or  dirisioiis  of  &e  strata  of  ar- 
gillaceous sdiist,  are  often  invisible,  ^eitker  in 
CMMoquenoe  of  their  great  diManc^  irom  each 
other,  or  from  the  netnre  of  the  groand,  or^imi 
other  x»^uses,  the  ^fissile  direction  may  often  be 
Bdistakeo  £br  ihe  plane  of  the  stmtifi^iiation.  *  The 
alleraation  of  the  fine  and^^oarse  kinds,  kereM^es 
to  mark  the  true  dispoettion  of  tbe  bed,  «fcn 
where  <be  different  textures  are  not  aetudty  di- 
vided ;  but  iwfaere  neither  of  these  indications  tr6 
present,  there  seems  to  be  no  criterion  "by  wbieb 
the  one  can  be  distinguished  from  the  p&er. 

This  doubt  is  necessarily  confirmed  by  the 
#u)t,  thai,  bat  many  instsoces,  liie  fise^Ie  <«nd)Baey 
ia  actually  parallel  to  the  plane  of  stratification, 
as  it  1ni«riabiy:  appears  to  be  in  Ibe  soooddai^ 
argitiacoouB  schistB  or  slates.    In  <bes6  casea  it 
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mart  ever  remain  a  doubt  Mrhetber  this  ^stnpctune 
is  the  result  of  a  concretiooarj  ^VT9mff&mf^  or  a 
medmAtcal  depositioa.  From  the  other  iivUpnces 
occurring  in  the  same  rock,  we  sb<Hild  be  in- 
clined to  determine  on  the  former;  wbile^  frwi 
the  analogy  of  the  shales,  of  which  thie  mec^ 
meal  structure  is  proyed  by  the  yei($etaUe  re- 
mains deposited  in  them,  we  shoiild  decide  on 
the  latter 

A  fibrous  structure  is.  iiot  unfrequent  in  |the 
fin^  varieties  of  ai^Uaceous  sclHst,  and  it  je 
often  combined  with  the  laminar  or  ^schistose  dis- 
position. It  may  lastly  be  remarked  on  this  Buh- 
ject  of  structure,  that,  in  a  bed  which  is  princi- 
pally laminar,  there  are  sometimes  found  nodules 
of  the  same  substance,  ummve  and  imbedded ; 
the  lfMiun»  in  Ae  neinity  acconunodatjog  ^em- 
Me\r%B  to  the  form  of  Ae  nodule. 

Beds  of  argillaceens  schist  are  frequently 
dirided  by  natural  joints,  which  are  either  at 
r%fat  wgles,  or  oblique,  to  the  plane  of  slratifi- 
4:atioo«  Accordiing  to  th«se  circ^Dfw<M«es,  they 
firequentjly  sqiarate  into  rbomboida^  or  {Nrisuiatic 


Digitized  by 


Google 


352  AROILLAOfidUS   SCHIST. 

fragments,  more  or  less  regular,  and  presenting 
great  diversity  of  fonn . 

They  are  moreover  very  frequently  intersected 
by  numerous  and  minute  veins  of  quartz  or  of 
calcareous  spar ;  which,  in  the  caseof  contortimis, 
frequently-  follow  the  flexures  of  the  sch^  iu 
which  they  lie ;  a  fact  of  considerable  interest  in 
a  geological  view. 

The  essential  minerals  of  the  argillaceoas 
schists,  are  the  peculiar  indurated  clay  which 
by  itself  forms  all  the  simple  varieties,  together 
with  quartz  and  mica,  which  enter  into  the  coarser 
or  compound  kinds.  The  conglomerated  va- 
rieties, or  the  coarse  graywackes.  contain,  in 
addition  to  these,  fragments  of  some  of  the  pri- 
mary rocks.  It  ought  also  to  be  added,  that  in 
some  rare  instances,  grains  of  felspar  occur  in 
such  a  manner  as  to  give  the  rock  a  porphyritic 
appearance.  • 

According  to  these  different  circumstances, 
the  texture  of  the  several  varieties  differ;  the 
finer,  presenting  one  which  is  perfectly  compact 
and  uniform,  while  the  micaceous,  the  sandy. 
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the  gmvelly,  and  the  congloinerate  kinds,  are 
each  dbaracterized  by  textures  which  these  terms 
will  sufficicDtly  explain.  A  parallel  dispositioii 
ef  the  mica,  is  sometiiDes^  in  the  micaceous  va- 
rieties, a  common  cause  of  fissility,  wh^re  no 
sttdfa  tendency  is  perceptible  in  the  base.  In 
many  of  these  rocks,  it  is  apparent  tiiat  the  ports 
are  united  by  something  more  than  a  kneehanieal 
aittesion«  This  seems  to  be  the  case  in  many  of 
the  compact  kindi,  or  the  hon^  slates,  and  oobe^ 
sionaltyv  in  some  of  those  which  contain  abimd^ 
ant  grains  of  quartz ;  but,  in  the  greater  nmnber, 
the  indurated  clay  forms  the  cement  which  unites 
all  the  fragments,  whefter  great  or  small,  into 
a  solid  mass. 

The  transitions  by  which  the  argillaceous 
schists  pass  into  some  of  the  preceding  rocks, 
have  already  been  mentioned ;  and  it  will  here- 
after be  seen,  that,  under  certain  circumstances, 
they  also  pass  into  siliceous  schist,  and  into  sand- 
stone. Respecting  fracture,  it  is  almost  unneces- 
sary to  say,  that  it  varies  accoixlirig  to  the  direc- 
tion in  which  it  is  made,  and  according  to  the 
nature  of  tiife  particular  vwiety ;  birt  these  and 

A  A 
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Other  matters  will  find  q.  mi^re  a{^ropriate  place 
in  the  synopsis,  where  the  ^messential  mina^alB 
are  also  enumerated. 

The  last  circumstanoe  of  imports^ce  in  fhe 
gmieral  character  of  the  argillaceous  schists  is, 
that  they  sometimes  contain  organic  remains,,  and 
even  in  conpiderable  abundance.  These  are, 
however,  much  more  limited  in  variety  than 
those  which  occur  in  the  secondary  class;  but 
the  species  have  not  yet  been  enumerated  or  in- 
vestigated. In  a  geological  view  they  are  highly 
interesting. 


SYNOPSIS  OF  ARGILLACEOUS  SCHIST. 

FIRST  DIVISION. 

Simple:  of  indurated  schistose  clay  alone. 

A.    Straight  fissile,  or  continoously  laminar. 

a.  With  a  straight  even  fracture  on  the  sur- 

face of  the  lamina. 

b.  With  a  rough  or  undulated  fracture. 
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The  preyaillDg  colour  in  these  Tarieties, 
which  form  roofiog  slate,  is  lead  blue.  It  is  also  of 
a  pale  gi-ey,  or  of  an  obscure  purple,  or  greenish 
grey,  or  mottled.with  two  colours.  The  greener 
varieties  vte  not  abundant,  are  coloured  by  chlo^ 
rite,  and  pass  into  smooth  chlorite  schist.  It 
occurs,  but  rarely,  of  very  pale  greyish  and 
greetii^  hues,  or  nearly  white. 

B,  Imperfectly  fissile:  massive  slate. 

a.  Amorphous,  but  breaking  more  readily  in 

one  direction  than  in  another. 

b.  Amorphous,  considerably  harder  than  the 

former,  and  breaking  nearly   alike  in 
many  directions. 

c.  Fibrous. 

d.  Massive,  but  splitting  in  many  directions, 

with  curved  surfaces. 

e.  Black,  imperfectly  fissile,  of  a  dull  earthy 

aspect. 

f.  Black,  and  so  soft  as  to  mark  paper :  black 

chalk,  or  drawing  slate« — Some  varieties 
of  black  chalk  are  fissile, 
g.'    In  spheroidal  concretions  imbedded  in  the 
laminar  varieties. 

C.  Alore  compact,  with  u  smooth  splintery,  or 
minntely  granular  and  splintery  fracture,  translucent 
on  the  edges;    Whet  slate,  or  hone. 

A  A    2 
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a.  Compact,    imperfecdy   fimle,    the   frag- 

ments translucent,  and  much  resembling 
compact  felspar^— common  hone. 

b.  Laminar  or  scaly ;  straight  or  undulated, 

and   the  fVagmentSvtnmsliuSellt: — dso 
usedashone* 

c.  Granular,  rough:    less  transluoent,  par- 

ticularly when  of  a  dark  colour. 

These  varieties  are  frequently  ef  a  pale  yel- 
lowish, or  greenish  grey  colour  ;  sometimes  lead 
blue,  or  the  two  coIours.occupy  alternating  la- 
minee.  They  often  weather,  like  compact  felspar, 
ao  as  to  display  a  white  powdery  surface,  and  ai^ 
at  times  not  easily  distinguished  fVom  some  th- 
rieties  of  that  rock. 

D.  So  hard  as  to  strike  fire  with  considerable 
facility ;  but  the  particles  of  qnaartz'niit  visible. 

This  is  the  flinty  slate  or  siliceous  schist  of 
some  authors,  but  it  must  not  be  confounded 
with  that  which  is  here  enumerated  under  the 
head  of  Siliceoud^Schist ;  which  is  distinct  in  its 
geological  position,  and  also  distinguishable,  on 
comparison,  by  a  peculiar  aspect  of  compactnc 
and  simplicity  which  c^uot  be  described. 
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SECOND   DIVISION. 


Compound :  indurated  schistose  clay,  with 
some  other  ingredient  conspicuously  intermixed. 

A.  Simple  argillaceous  scUsI,  and  mici^ 

a.  The  mica  extremely  tbio  and  broad :  passes 

into  micaceoas  schist.  The  lustre  is 
sometimes  silky^  or  plundrnginous. 

b.  With  minute  scales  of  mica,  either  irregu- 

larly intermixed  or  disposed  in  laminae. 
Micaceo-argillaceous  schist:  the  fine 
graywacke  schist  of  some  mineralo- 
gists. 

B.  Simple  argillaceous  schist  and  talc:  of  a 
greasy  feel/  and  silky  lustre:  passes  into  talcose 
sdiist 

C.  Simple  argillaceous  schist  intermixed  ivith 
chlorite. 

a.  The  chlorite  invisibly  minute,  as  if  pow- 

dery, the  (racture  dull  and  earthy. 

b.  The  chlorite  foliated,  or  scaly,  and  the 

fracture  glossy. 

These  yarieties  pass  into  chlorite  schist. 

D.  Simple  argillaceous  schist  intermixed  with 
hornblende. 

a.  The  homMende  in  minute  scaly  crystals, 

or  irregular  grains,  or  fiat  plates. 

b.  llftehoniUende^bfOias:  ^Mciaular;  orelse 

straight,  or  curved,  and  radiated. 
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Some  varieties  of  a.   pass  into  hornblende 
schist 

E.  Argiflaceous  schist.  A-  diV.  first — ^intermixed 
with  quartz. 

a*  An  uBiferni  arenaceous  mixture  of  sand 
and  blue  clay:  imperfectly  scbistoae» and 
somewhat  resemblinj^  aa  argillaceous 
sandstone. 

Occurs  in  Scotland,  in  Seil  and  Luing. 

b.  Quartz  sand  intermixed  with  lamiq|ir  or 

massive  schist.  Fine  graywacke,  and 
gray  wacke  schist,  of  mineralogists* 

c.  Quartz  gravel  of  various  sizes  similarly  in- 

termixed :  coarse  gray  wackes. 

It  is  not  unusual  for  the  gravel  in  each  differ- 
ent variety  to  preserve  an  average  general  size. 

F.  Argillaceous  schist,  €•  div.  first,  intermixed 
with  quartz. 

a.  With  very  fine  grains  or  powder  of  quartz. 

Not  fissile  ;  fracture  sometimes  rough 
splintery,  and  often  resembling  the  fine 
and  grey  varieties  of  primary  sandstone. 

b.  With  visible  grains  of  quartz  of  various 

sizes  and  resembling  the  coarser  varieties 
of  the  same  rock. 

This  18  aho:  termed  graywacke    by   mine- 
ralogists. 
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CL    ArgiUaceoiQi  wehiMt  with  -inbedded  p«rlicle« 
of  calcareous  spar. 

Occurs  in  Galloway,  and,  as  it,  is  said,  in 
some  parts  of  the  Alps. 

'  H.  ArgOlftceoos  schist  with  imbedded  felspar,  in 
crystals  or  fragments  more  or  less  rounded,  and  having 
a  porphyritic  aspect. 

This  singular  variety  is  found  in  bla  and  Jura. 


THIRD  DIVISION. 

Of  Argillaceous  schist,  with  two  or  more  in- 
gredients. 

A.  Argillaceous  schist  with  quartz  sand,  and 
mica. 

a.  Schistose* 

b.  Massive. 

These  are  also  ranked  under  the  comprehen- 
sive term  graywacke.  When  the  quartz  predor 
minates,  they  pass  into  micaceous  sandstone. 

B.  Argillaceous  schist  with  quartz  and  felspar. 

C.  ArgQlaceous  schist  with  quartz,  felspar,  and 
nuca* 

These  form  other  varieties  of  graywacke,  and 
are  generally  thickly  fissile.    They  are  found  in 
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the  wgillaiceocis  Beiiot  .<tf  Ihe  Higiilaiid  border ; 
as  in  Bute  and  Cowal. 


FOURTH  DIVISION, 

♦ 

C!onftaining  fragments  of  the  same,  or  of  ^tber 
compound  rocks:  of  a  conglomerate  structure 
more  or  less  minute. 

A.  Fragments  of  argillaceous  schist  reunited. 

a.  Schistose;  slaty. 

b.  Imper&Gtly  scfaistose ;  w  massiye.  • 

B.  Fragments  of  quartz  united  by  argillaceous 
sdiisL 

a.     With  simple  argillaceous  schist. 

b*    With  any  of  the  compound  yarieties. 

C.  Fragments  of  quartz  and  of  schistose  slates 
united  by  yar.  C.  diy.  first — massiye. 

.  D*  Quartz,  felspar,  and  clay  slate  in  minute  frag- 
ments ;  united,  with  or  without  an  additional  argilla- 
ceoBs  cement* 

E.  Fragments  of  quartz  and  basalt  cemented  by 
a  mixture  of  clay  slate  and  quartz  sand. 

F.  Fragments  of  jasper  imd  clay  slate,  with 
grains  and  fragments  of  felspar  and  quartz,  united  by 
a  ailiceo-argillaceous  base :  not  fissile,  yery  hard. 

Cu  Fraginents  of  micaceo^9  schist  mA  ^lartz, 
united  by  a  mixture  of  schistose  clay  and  sand,  pr  «of 
clay,  sand  and  mica. 

H*  FtBgB^tif^  of ^^  or iCo^r$e  iurgU^aG^Q\is  f chist 
superadded  to  the  same  quxtnre. 
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Tbb  catelogue  might  em\y  be  c&t^odedj  4s 
the  :v;s^i^ies  of  mixture  and  aapect  sure  Teiy  gimit ; 
bill  it  has  been  limited  to  those  whkjn  ftre  most 
.ccM^^fNcuaus  for  their  ext^  and  freqiiency  witbin 
the  limits  of  my  obeerfatioD,  namely,  jp  £^- 
laq4,  Wales^  and  Cumb^laod.  It  iComprwB 
ihe^KMiroe  ^ray wackes  aod  graywacke^scbutls  of 
^  mineralogists,  and  these  rcK^ks  have  generally 
been  enuma-sited  in  the  0rawiUiH%  aimi. 
.;  Wheal  the  ftagments  becoivje  materially  in- 
creased in  size,  such  rodks  woiuld  mone  i^atuisUiy 
claim  a  pl^qe  jsimong  conglomerc^ ;  and  it  is 
obvious  .that  these  varieties  bear  4he  ssoM  relation 
to  the  finer  argitjaceous  schists  that  tbe  conglo^ 
merates  do  to  .Qndinary  sandstone.  Tb^  might 
perhaps  be  conveniently  clasBefl  wtAer  a 

FIFTH   DIVISION. 

Argilku^eojvs  £0*gIo»eraJtea. 

Tbe  varieties  to  be  ranked  under  this  tide,  if 
Adopted,  need  not  be  specified,  as  they  would 
merely  be  repetitions  of  the  preceding  catalogue* 
The  only  distinction,  to  the  cdtlector  of  sped- 
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mens,  would  consist  in  the  sizes  of  the  fragments, 
and  the  consequent  coarse  texture  of  the  rocks. 

It  must  be  remarked,  that  many  instances 
occur,  in  which  specimens  of  these  argillaceous 
schists  are  undistinguishable  from  shales,  as  ob- 
served 1^  under  that  head.  The  distincticm  can 
oviy  be  made,  in  sudi  cases,  by  reference  to  the 
geological  connections. 

The  following  minerals  occur  imbedded  in 
argillaceous  schist,  and  most  commonly  in  the 
simple  and  fine  varieties. 


Wavellite. 

Stilbite. 

Cfaiastolite. 

Tremolits. 

Staurotide. 

Cyanite. 

Andalosite, 

Topas. 

Brown  spar. 

Lazolit6. 

Calcareovs  spar* 

Opal. 

Chlorite. 

Pyrites. 

Garnet. 

Oxydulous  Iron. 

Epidote. 

In  certain  argillaceous  schists  of  this  division, 
pyrites  occurs  in  such  abundance,  and  of  such  a 
composition,  that  they  form  aluminous  efflores- 
cences on  exposure  to.  air  and  moisture  ;  pro«- 
ducing  ^  aluminous  slate.  The  same  substance 
occurs  also  among  the  shales. 
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Our  information  respecting  this  rock,  from 
geological  writers,  js  not  only  scanty,  but  hfeto 
been  rendered  rery  obscure  by  the  establishment 
of  the  transition  class.  It  is  impossible  to  disco- 
ver which  of  the  limestones,  described  as  belong- 
ing to  this  class,  appertain  to  the  primary  rocks, 
and  which  to  the  secondary ;  and  hence  it  is  dif- 
ficult to  give  any  satisfactory  information  respect- 
ing the  geological  characters  of  the  limestone 
now  under  review,  except  that  which  is  derived 
from  observations  made  in  this  country. 

No  evidence  on  this  subject  can  be  received, 
short  of  that  which  is  founded  on  its  alternation 
With  rocks  acknowledged  to  be  primary;  al- 
though cases  may  be  imagined  in  which,  by 
forming  the  uppermost  of  the  primary  strata,  it 
might  be  in  contact  with  the  lowest  secondary 
sandstone.  As  the  presence  of  organic  remains^ 
in  some  of  the  argillaceous  schists  of  this  class,  is 
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proved,  there  is  no  reason  to  daiy  tiieir  probable 
existence  in  the  limestones  of  the  same  period; 
it  is  even  certain,  that,  in  one  instance  at  least, 
ibey  do  so  occur.  The  crystalline  textmre  is 
equally  incapable  of  proving  their  nature ;  as  it 
is  frequent  in  the  secondary  limestones,  and  is 
not  necessarily  present  in  the  primary. 

Primary  lioiestone  is  found  in  strata  of  the 
usual  variety  of  forms,  alternating  with  other 
rocks  of  the  same  class,  and  it  aoems  in  every 
part  of  the  series.  It  e3dstB,  either  in  a  conoid 
derable  succession  of  unmixed  beds,  or  else  in 
rare  and  slender  strata^  or  laminae  intermixed  in 
small  proportion  with  some  other  rock;  most 
fioqquently,  with  Ibe  argillaceous  schists*  It  is 
also  found  m  irregular  masses,  or  laige  nodules, 
which  can  scarcely  be  said  to  possess  a  stcrftified 
idiape,  and  which  very  much  resemble,  as  already 
iT^markedt  tiie  masses  of  serpentme  that  occur  jn 
similar  situations,  Excej^ng  in  the  crystalliae 
^mif  it  is  never  found  in  veins;  and^  in  tfasi  re- 
spect, it  js^mcdy 'Walsgous  to  quai^tic,  ihe  veins 
fii  w;hich  we  veiy  siaiilar,  and.generally  fiHiod  in 
IheiniveiitaatiMis. 
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feScxMiaiid,  it  o<!eurs^in  ooatMt  ^lih^gtftdilw; 
in  irhicb  cMe  it  i»  oAeniiMhmtted^  aofidwhoa  vory 
iflipiire^  SMietimet  conrertod  iiitd  a  cbnty  $alM 
stance  hweaftertdeieriiMK];  In  gDafasHt^ui'fotiid 
eitlKr  in  itvata  or  nodulw;  and'  tbcse  are:Miiio» 
times  ptnelratBd  by  the'  sme  gfanite  yfchm  that 
penridetbegnci».  Wbereitoeoomistsretrfaiifiaa 
with  micacepM  schist^  a*  wM  as  wtt  gban^  it 
is  aradetimes  so  intavitxed  wfdi  niea  a»  to  be 
difficuMy  distinguiafaililefTOin  tfaeieTodai>  more 
particofavly  iiitbelaanoarfracshife^  In  the  same 
maimer,  .whem  it  iv  aamdated  with  argtllabedus 
sebtrt,  the  tinieitone  is  often  invisible  ^Gfi|A  in 
the  toamveme  £raoti]re;.tii6  rode  yielding^  in  a 
panJlel  direction,  to  the  stintificflEtioD,  only  ifl 
tboee  parts  where  a  hantna  of  schiflt  is  inlei^posed, 

Beds  of  Kmesrtone  are  oftm.  bent,  and  even 
considerably  contorted^  as  are  tboae  of  the  rocka 
whioh  it  aocompaues;  and  these  flexuises  are 
BKitt  visible  in  the  Tariettes  which  cooatain.  mica- 
They  seem  to  present  no  variatioiis  of  struotorev 
iMrt-dielamtiiar,  which  are  deserving' of  notice. 

The  texture  varies  from  the  highly  crystalline, 
<rf  a  larger  or  finer  grain,  to  the  imifortniy  co«r 
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paet  and  the  earthy*;  and  tlie  mineral' compodilion 
requires  no  notice,  as  it  is  fundamentally,  a. 
simple  rock.  It  is  often,  however,  much  modi- 
fied in  aspect  by  the  presence  of  unessential 
minerals;  and  the  varieties  thence  resulting «re, 
in  many  cases,  so  remarkalile,  that  it  has  been 
thought  necessaiy  to  give  them  distinct  places  in, 
the  catalogue.  The  more  rarely  imbedded  mine- 
rals, ^me,  as  usual,  subjoined  iii  a  distinct  list 

The  only  instance  in  which  organic  r^ainB. 
have  occurred  to  die  audu>r  in  primary  limestone, 
is  in  Sutherland,  and  it  is  deKribed  in  hifl  work 
on  the  Western  Islands.  As  conglomerate,bed8,, 
or  portions  of  conglomerated  rock,  are  ^ra^piendy^ 
found  associated  with  the  simply  it  has  beeit 
judged  necessary  to  enumerate  those  yqfietie$ 
here ;  but  they  will  also  be  found  mentitoed  in 
the  general  chapter  on  that  subject. 

:  It  is  here  necessary  to  add,  that  altheug^  the 
primary  limestones  may  geuerally  be.  dirtin-^ 
guished  from  the  secondary,  by  their  often  con- 
taining imbedded  minerals  which  are  not  found 
in  those,  and  by  the  frequent  existence  of  organic 
remains  in  the  latter,  many  cases  occur  where 
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they  cannot  be  thus  distinguished  in  hand  speci- 
men ;  when  it  becomes  unavoidaUy  necessary 
to  have  recourse  to  their  geological  connec- 
tions. 

Jn  concluding  this  subject,  it  must  finally  be 
remarked,  that,  if  the  limestones  supposed  to 
appertain  to  the  tranaition  class,  be  referred  to  ' 
the  secondary,  those  which  are  decidedly  pri- 
•  mary,  and  which  alterimte  with  the  several  strata 
already  described,  will  be  found  to  occupy  a  very 
small  space  in  nature,  when  comjMired  to  them. 
Should  even  many  of  the  transition  limestones  of 
geological  writers,  prove  to  be  strictly  primary, 
this  rock  will  still  bear  a  small  proportion  to  the 
othm*  substances  of  this  class ;  and,  in  this  re- 
spect, a  strong  contrast  may  be  observed  between 
die  primary  and  secondary  classes,  in  the  last  of 
which  limestone  takes  so  conspicuous  a^  share. 
l%e  geological  considerations  arising  out  of  this 
fiict,  are  of  a  highly  interesting  nature. 
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SYNOPSIS  OF  PRIMARY  LIMESTONE. 

FIRST  MVISIGN. 

Simple. 

A.-    Crystalline. ' 

tu    Yery  large  srainedy  with  straight  laniellffi* 

b.    Thi?  satne^  with  the  latnelltet  cufredl 

€•    Large- grained^  attd- the  cryfsjtaii^lie^riag 

to  have  compressed  each  other,  as  in 

coccolite. 

d.  Of  a  middle-  si^ed  grajti^--^marbr€  of  Pteros, 

e.  Finely  granular,  saccharine,  and  firm  or 

loose:  marble  of'Carrara.  '     '*     '       , 

f.  Finely  gmntilar  and  G<oiiSpli«t^d>'  bec«f«ya^ 

spiintery.  _;  .  .j  , 

g«  The  crystals  so  disposed,  in  consequence 
of  a  common  polarity,  that*  the  rodk  ias 
M  iMf^rftftt  s<tbist)Mis>  st»MluvK  >  >  in 
these  cases  it  often^  appears,  on  a  su|^- 
ficial  view,  to  contain  mica. 
B.    Coofpact:  w  . 

a.  Splintery;   but  with  a  rough,   somewhat 

granular  fracture,  passing  into  the  last 
named  variety. 

b.  Flat  splintery ;  smooth* 
e.    Spljntery  and  conchoidal. 
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The  varieties  with  curved  lamellae  are  gene- 
rally splendeiit  in  the  fracture,  and  contain  mag- 
nesia. Some  of  the  finely  granular,  or  large 
granular  varieties,  also  occasionally  contain  this 
earth  in  very  large  proportion ;  and  the  former 
are,  in  some  cases,  known  by  the  name  of  dolo- 
mite. Magnesia  occurs  also  at  times  in  the 
compact  kinds ;  but  these  varieties  are  scarcely 
distinguishable  without  analysis. 

Under  the  head  of  Secondary  Limestones,  the 
magnesian  limestone  occupies  a  distinct  place, 
on  account  of  its  important  geological  character 
and  connexions.  In  the  case  of  dolomite  this 
seemed  unnecessary. 

The  coloui-s  of  primary  limestone  are  various; 
and9  from  different  modes  of  intermixture,  there 
results  an  infinite  diversity  of  marbles,  of  which 
a  great  many  are  distinguished  by  technical 
terms  which  it  would  be  fruitless  to  enumerate ; 
as  they  are  rarely  descriptive,  and  will  aflbrd  the 
collector  of  specimens  no  assistance  in  arranging 
his  cabinet.  The  white  varieties  of  a  fine  grain, 
are  well  known  as  statuary  marble :  the  coloured, 
derive  their  tints  from  inflammable  matter,  or 

B    B 
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from  oxydes  of  iron,  or  from  the  intermixture  of 
other  minerals ;  in  which  latter  case  they  rank 
under  the  following  division. 

SECOND  DIVISION. 

Compound  :  of  two  ingredients. 

A.  Limestone  with  mica  interspersed. 

a.  Foliated,  irregular,  large  granular,  re- 

sembling granitic  gneiss.    Rannodi. 

b.  Straiglit  Iain  iiuir,  resembling  micaceous 

schist  of  various  aspects.    Blair  in 
Atholl. 

B.  Interlaminated  with  argillaceous  schist.  — -> 
Isla,  &c. 

C.  With  hornblende  interspersed.  Loch  Laggan^ 
&c. 

D.  With  sahlite  or  augit  of  various  colours  in- 
terspersed.    Tirey,  &c. 

E.  With  talc  interspersed. 

,  F.  With  noble  serpentine  or  steatite  intermixed 
or  diffused  so  intimately  as  to  communicate  a  general 
colour. 

G.  With  garnets,  crystallized  imperfectly,  or  else 
uniformly  diii'used. 

H.  With  quartz,  either  in  distinct  grains,  or  »o 
minute  as  only  to  be  detected  on  analysis. 

I.     With  felspar. 

K.    Impregnated  with  bitumen.    Sutherland. 

L.     With  tremolite  minutely  intermixed. 

M.   Withactinoliteiniermixed  in  the  same  manner. 
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THIRD  DIVISION- 

Compound:  of  three  ingredients. 

A.  Limestone  with  noble  serpentine  and  mica. 

B.  With  noble  serpentine  aud  sahlite. 

C.  With  hornblende  and  augit. 

FOURTH  DIVISION. 
Compound:  consisting  of  anj  of  the  preced- 
ing varieties  with  fragments  of  previous  lime- 
stones or  of  other  rocks.     Conglomerates. 

A.  With  limestone  fragments  alone,  united  in 
various  ways. 

a.  The  fragments  imbedded  iu  a  general 

continuous  calcareous  base. 

b.  The  iragments  agglutinated  with  little 

or  no  proper  base,  and  of  various 
sizes* 

B.  Fragments  of  quartz  imbedded  in  limestone* 

C.  Fragments  of  argillaceous  schist  imbedded  in 
limestone. 

D.  Fragments  of  various  primary  rocks,  with  or 
wtehout  fragments  of  limestone  also,  imbedded  in  a 
calcareous  base. 

Most  of  the  calcareous  conglomemtes  ^vliich 
are  found  in  company  with  the  simple  primary 
limestones,  may  be  referred  to  one  or  other  of 
-the  first  three  varieties,  which  are  at  least  the 
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most  conspicuous  and  commoii.  For  the  con« 
yenience  of  the  student,  they  are  all  noticed  again 
under  the  head  of  Conglomerate  Rocks. 

The  colours  in  these  varieties  are  infinite, 
and  the  peculiar  disposition  of  the  parts  gives 
rise  to  many  well-known  ornamental  marbles. 

Independently  of  the  general  colours  before 
alluded  to,  and  those  derived  from  the  intermix- 
ture of  the  minerals  just  enumerated,  the  primary 
limestones  present  a  great  diversity  of  aspect  from 
the  passage  of  veins,  as  they  are  frequently 
fissured  in  intricate  directions,  and  the  fissures 
are  generally  filled  with  a  pure  white  carbonat* 
In  these  cases  they  also  occasionally  become  con- 
glomerates. Further,  it  may  be  added  that  the 
various  shades  of  grey  are  among  the  prevailing 
colours. 

Besides  the  minerals  which  are  enumerated 
in  the  second  divifiaon,  because  they  sometimes 
abound  so  as  essentially  to  modify  the  character 
of  the  rock,  others  occur  imbedded  in  limestone 
as  their  occasional  repository.  The  following 
catalogue  contains  those  most  usual,  including 
the  substances  which  occasionally  enter  in  lai^ger 
proportion. 
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Tk^emolite. 

Serpentine. 

Sahlite. 

Steatite. 

Aagit 

Garnet. 

Hornblende;  pargwite. 

Emerald. 

Hornblende;  common. 

Spinelle. 

Actinolite. 

Tabular  Span 

Aibestos. 

Idocrase. 

Mica. 

Stilbite. 

Talc 

Olivin. 

Chlorite. 

Pyrites. 

Quartz. 

Titanite. 

Brown  Span 

Sphene. 

Sdiiefer  Spar. 
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COMPACT  FELSPAR. 

The  present  substance  offers  an  example  of 
those  difiiculties  which  beset  all  attempts  to  make 
an  unexceptionable  arrangement  of  rocks.  It  is 
now  also,  for  the  first  time,  admitted  to  a  place 
among  these ;  a  practice  justified  by  the  space 
which  it  so  often  occupies  among  them,  and  by 
the  peculiar  connections  in  which  it  is  found. 
To  have  considered  it  as  a  modification  of  gneiss, 
would  have  produced  still  greater  irregularity ; 
and,  to  have  omitted  it,  would  have  left  a  blank 
not  atoned  for  by  finding  it  enumerated  by  mine- 
ralogical  writers  in  their  catalogues  of  simple 
minerals. 

Compact  felspar  occurs  also  in  another  part 
of  this  arrangement,  in  a  very  conspicuous  man- 
ner, both  in  irregular  masses,  and  in  veins,  form- 
ing a  member  of  the  great  family  of  overlying 
rocks.  The  student  who  finds  it  constituting 
an  integrant  part  of  the  series  of  gneiss,  might 
therefore  be  misled,  were  it  not  here  shown  to 
exist  also  as  a  primary  and  stratified  rock,  of  the 
same  age  and  date  as  this  antient  member  of  the 
primary  strata.  The  example  of  limestone  would 
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have  been  sufficient  to  justify  the  present  arrauge- 
ment,  even  without  the  much  stronger  reasons 
afforded  by  these  essential  differences  in  the 
geological  characters  of  this  substance  as  it  occurs 
in  the  primary  and  secondary  classes. 

If  there  are  transient  and  occasional  differ- 
ences in  the  specimens  of  this  rock  as  they  are 
found  in  these  two  distinct  situations,  they  are 
not  such  as  to  form  a  permanent  or  effectual  dis- 
tinction between  the  two ;  while  the  analysis  of 
both,  presents,  as  far  as  is  yet  ascertained,  the 
same  remarkable  peculiarities. 

Compact  felspar  contains  potash  and  soda 
united  to  the  Other  earths  that  form  its  principal 
ingredients ;  and  both  these  alkalies  are  found 
in  it,  in  whatever  situation  it  exists ;  proving  that 
it  is  radically,  as  well  as  ostensibly,  the  same 
substance  in  both  cases.  By  this  analysis,  no  less 
than  by  its  general  characters,  it  differs  essen- 
tially from  common  felspar,  which  contains  pot- 
ash only.  Were  it  either  easy  or  adviseable  to 
change  a  name  long  received,  this  is  one,  as  al- 
ready hinted,  by  the  reformation  of  which  the 
mineralogical  nomenclature  might  acquu^  an 
advantage.    But,  as  in  many  other  cases,  where 
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there  is  much  to  reform,  and  where  the  yarious 
effects  which  may  flow  from  such  changes  can* 
not  be  foreseen,  it  is  at  least  prudent  to  go  on  as 
long  as  possible  with  the  established  materials. 

The  compact  felspar  in  question,  is  only 
found,  as  far  as  I  know,  situated  in  gneiss,  in 
which  it  commonly  forms  large  flattened  masses 
or  impeif<^t  beds.  These  do  not  possess  the 
characters  of  veins,  like  the  compact  felspar  of 
die  secondary  class,  but  either  resemble  the 
masses  of  limestoqe  which  occur  in  the  same 
situation,  or  else  graduate  into  the  surrounding 
rock.  In  this  case  they  are  often,  but  not  neces- 
sarily, connected  with  that  peculiar  variety  des- 
cribed in  the  Synopsis  of  Gneiss,  into  which 
compact  felspar  enters  as  an  ingredient. 

Occasionally,  this  substance  is  also  found  in 
smaller  lumps  in  the  same  rock,  or  else  in  those 
forms  which  are  sometimes  called  by  the  ques- 
tionable name  of  contemporaneous  veins ;  origi- 
nating and  terminating  in  the  mass  in  which 
they  lie.  It  also  occasionally  forms  single  laminae 
in  that  gneiss  which  possesses  the  granitic  or  schis- 
tose character.  More  rarely,  it  occurs  in  a  simi- 
larly limited  manner  in  granite. 
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The  rocks  of  this  character  are  always  easily 
recf^ized,  even  at  a  distance,  by  the  white, 
nearly  pulverulent,  surface  which  they  assume 
on  exposure  to  the  air. 

For  the  general  definition  of  this  rock,  I  may 
refer  to  the  several  treatises  on  mineralogy  in  every 
person^s  hands,  where  it  is  described  among  the 
simple  minerals,  of  to  the  description  of  its  charac- 
ters given  in  the  thirteenth  chapter  of  this  work. 

The  varieties  which  it  affords  are  so  few,  and 
so  slightly  different  from  each  other,  that  they 
scarcely  admit  of  being  distinguished  by  any 
description  or  enumeration  of  characters.  The 
distinctions  of  colour  are  the  most  conspicuous. 


SYNOPSIS  OF  COMPACT  FELSPAR. 

FIRST  DIVISION. 

Simple. 

a*    Massive,  compact,  with  a  smooth  fracture, 
b.    Schistose,  with  a  similar  fractmre. 

This  variety  occurs  in  lona. 

c  Massivci  with  a  granular  or  miniitely 
uneven  fracture ;  appearing  to  be 
formed,  like  granite,  by  a  confused 
crystallizatioD. 
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SECOND  DIVISION. 
Compound. 

a.  CoDtaiuing  dispersed  particles  of  boro- 

blende,  insuflicieut  iu  quantity   to 
alter  its  character. 

b.  Containing    interspersed    particles  of 

quartz. 

These  pass  into  those  varieties  of  gneiss  with 
which  they  seem  to  be  invariably  associated,  and 
are,  of  course,  not  always  definite. 

The  colours  of  compact  felspar  are  various. 
I  have  observed  it  white,  ash-coloured,  smoke 
grey,  dark  grey,  greenish  gi'ey,  reddish  brown, 
black,  olive  green,  and  bright  yellowish,  or  grass, 
green.  Several  colours  are  also  often  intermixed, 
and  it  is  not  unusual  for  a  mass  of  one  colour  to 
be  intersected  by  filamentary^  veins,  or  very  thin 
flat,  or  laminar,  veins  of  another. 

The  simple  varieties  also,  pass  into  the  gneiss 
with  which  they  occur. 

I  know  not  that  it  ever  contains  any  imbedded 
minerals  except  those  above-mentioned. 
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PRELIMINARY   REMARKS  ON   THE    NATURE   AND 
CHARACTERS   OF  THE    SECONDARY    CLASS. 


In  examining  the  characteristics  of  the  pri- 
mary class,  many  of  the  remarks  applicable  to 
the  present,  were  unavoidably  anticipated.  It 
was  there  shown,  that  it  has  received  this  name 
because  the  rocks  included  in  it  are  esteemed  of 
posterior  date  to  those  ranked  in  the  primary 
division.  That  fact  is  deduced  from  multiplied 
observations,  which  prove  that  where  the  stra- 
tified members  of  both  classes  occur  in  the  same 
place,  the  one  is  invariably  superior  to  the  other ; 
and  that,  as  no  such  member  of  the  primary  class 
is  ever  found  intruding  among  the  secondary 
strata,  so  no  secondary  stratum  is  ever  found 
included  between  two  strata  of  the  primary 
class. 

But  in  the  secondary  class  there  is  also  com- 
prehended a  great  variety  of  unstratified  rocks ; 
analogous  to  granite,  as  well  in  their  leading 
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forms,  as  in  their  mineralogical  characten^  audi 
in  a  similar  manner,  intruding  in  the  shape  ol 
vems,  not  only  among  the  stratified  members  of 
this  class,  but  extending  their  ramificaU<ms  even 
through  the  whole  of  the  primary  rocks,  whether 
stratified  or  unstratified. 

That  interference  affords,  in  itself,  ample  eri- 
dence  of  the  secondary  nature  of  these  unstratified 
imbstances ;  and  is  a  sufficient  proof  of  their  pos- 
teriority to  all  the  rocks  with  which  they  are 
connected,  to  supersede  the  necessity  of  any  fur* 
ther  remarks  on  that  subject  in  this  place.    The 
peculiarities  of  character  which  render  them 
objects  of  the  greatest  interest  in  the  history  of 
the  earth,  will,  with  more  propriety  and  utility, 
be  examined,  as  far  as  is  admissible  in  a  work  of 
this  nature,  in  the  preliminary  remarks  that  pre- 
cede the  synoptic  catalogue.    The  observationi 
that  here  follow,  must  therefore  be  considered  as 
extending  solely  to  the  secondary  strata. 

These  strata,  dius  once  determfined  by  the 
characters  above  mentioned,  are  discovered  to 
possess,  like  the  primary,  odier  peculiarities,  by 
which  they  may  be  reco^ized  when  the  species 
of  evidence  derived  firom  relative  position,  is  in- 
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aecemble  in  consequence  of  the  absence  of  the 
hitter.  To  repeat  these  characters,  and  to  mark 
their  insufficiency,  singly  taken,  for  the  purpose 
of  detennining  the  nature  of  any  member,  would 
be  merdy  to  reci^itulate  that  which  was  already 
said  in  the  introductory  remarks  to  the  primary 
class,  where  the  nature  and  extent  of  these  uncer- 
tEunties  were  stated.  It  is  sufficient  merely  to 
observe,  that  neither  the  low  inclination  of  the 
strata,  the  mineral  charactars  of  the  species,  nor 
the  presence  of  organic  remains,  are^  separatdy, 
capable  of  establishing  a  criterion  between  the 
.two.  The  student  who  is  foiled  in  one  quarter, 
must  have  recourse  to  some  other :  but  he  can 
rarely  be  at  li  loss  in  determining  their  characters 
from  their  geological  positions ;  as  the  most  doubtp 
fill  rocks  will  generally  be  found  associated  in  a 
manner  easily  inrestigated,  with  some  other  stra- 
tum of  which  the  character  is  unquestionable, 
and,  in  particular,  very  often  rendered  so  by  the 
nabire  and  abundance  of  the  organic  bodies  which 
it  contains. 

In  the  foimer  remarks  on  the  primary  rocks, 
no  detailed  reasons ,  were  given  for  chusing  the 
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precise  line  at  which  the  boundary  between  the 
primary  and  secondary  classes  was  drawn :  why 
1ke  red  sandstone  wais  considered  the  first  of  the 
secondary  series.  That  enquiry  is  more  particu- 
larly connected  with  the  present  remarks ;  as 
the  leading  distinction  of  this  rod^^  namely,  the 
mechanical  structure,  forms  one  of  the  chief  cha^ 
racters  of  the  secondary  strata. 

It  has  been  remarked,  that  where  the  primary 
and  the  secondary  strata  are  found  in  contact,  the 
latter  do  not  always  follow  in  parallel  order  to 
<tie  former,  but  rather  meet  them  at  some. angle. 
Moreover,  in  thus  meeting,  the  surfaces  of  #ie 
secondary  strata  are  sometimes  found  lying  on 
the  edges  of  the  primary,  as  was  formerly  men- 
tioned in  treating  of  the  distinctive  general  cha- 
racters of  rocks.  To  this  position,  as  already 
i^marked,  the  terms  unconformable  and  over- 
lying have  been  applied,  and  it  has  been  enu- 
merated among  the  necessary  distinctions  be- 
tween the  primary  and  secondary  strata.  But, 
like  all  the  other  characters  of  these  latter  rocks, 
this  one  is  by  no  means  universal,  and  we  must 
beware  of  erecting  from  it  a  general  rule,  as  it  is 
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by  no  means  unusual  for  the  secondary  strata  to 
follow  the  primary  in  parallel  order.  Even 
among  the  primary  as  well  as  the  secondary 
strata,  the  reverse  or  unconformable  positioD 
sometimes  occurs.  It  is  plain  also,  that,  as  a 
practical  distinction,  this  rule  is  of  little  value, 
were  it  even  more  constant ;  because  it  can  only 
be  made  use  of  at  the  boundary  of  the  two  classes, 
and  perhaps  not  often  with  great  safety  even  there, 
'  unless  the  very  junction  also  is  visible. 

As  the  unconformable  position,  however, 
occurs  in  a  sufficient  number  of  instances  to  be 
a  remarkable  circumstance  in  the  history  of  the 
secondary  strata,  it  has  materially  assisted,  in 
conjunction  with  other  characters,  to  fix  the 
boundary  of  the  class  in  which  they  are  included, 
and,  consequently,  to  distinguish  the  whole  of 
the  strata  which  enter  into  it.  Whatever  rock, 
last  in  the  order  of  succession  downwards,  has 
been  found  to  present  this  distinction  in  the  pre- 
dominant cases,  especially  if  that  circumstance 
is  united  to  some  other  of  the  characters  of  the 
secondary  class,  it  is  plain  that  every  rock  which 
follows  it  in  the  order  upwards,  must  belong  to 
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that  class  also,  although  the  order  of  successioD 
should  in  any  particular  instance  be  deficient  or 
irregular.  It  has  appeared  in  the  course  of  geo- 
logical investigations,  that  the  red  sandstone  was 
the  last  rock  in  the  order  of  succession  downwardi 
which  thus  holds  a  position  unconformable  to  the 
primary  strata ;  and  its  claims  to  be  considered 
the  lowest  or  first  of  the  secondary  class,  ha?« 
been  further  confirmed,  by  finding  that  it  was 
formed  froin  the  fragments  of  the  primary,  or  of 
preceding,  rock3,  and,  not  unfrequently^  even 
from  the  ruins  of  those  very  strata  with  which  it 
was  in  contact,  or  which  occupied  the  nearest 
place  to  it. 

Thus  the  boundary  line  between  the  primary 
and  secondary  classes  seems  to  have  been  properly 
placed  between  this  substance  and  the  nearest 
primary  rock  with  which  it  is  in  contact,  or  im- 
mediately below  the  red  sandstone;  it  haviiig 
been  already  seen,  that  the  inconstant  order  of 
succession  in  the  primary  class,  mwt  render  it 
impossible  to  determine  what  that  rock  may  be. 
As  already  shown  in  the  table  of  succession,  every 
rock«  from  granite  through  the  whole  series  of 
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tbe  priflNiry  strata,  may  be  that  on  which  die  red 
flttidatooe  repoees. 

Bat  ifi  some  instances,  as  was  also  shewn  jn 
that  table,  even  the  red  sandstone  may  be  absent ; 
and  thus,  some  other  and  superior  member  of  the 
seeondary  class,  may  be  in  contact  with  the  pri- 
mary rocks.  Such  deficiencies  need  excite  no 
surprise,  and  they  can  seldom  be  attended  with 
much  practical  inconvenience ;  as  the  other  cha* 
racters  of  the  strata  which  are  superior  to  it,  are 
generally  so  well  marked  as  to  leave  no  ground 
for  doubt  i^especting  their  place  in  the  arrange* 
ment. 

In  concluding  these  remarks  on  the  boundary 
between  the  primary  arid  secondary  strata,  it  is 
necessary  to  say,  that  frOm  finding  that  the  first 
member  of  the  latter  is  composed  of  the  frag- 
osentsof  the  former,  geologists  have  concluded 
that  a  marked  interval  of  time  had  elapsed  before 
the  secondary  strata  were  consolidated  and  depo« 
sited  on  the  primary  ;  a  consequence  necessarily 
arising  from  their  composition.  The  highly  in- 
teresting conclusions  with  regard  to  the  whole 
class,  which  flow  from  tbe  presence  of  coal,  and 
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from  tiie  abandance  and  nature  of  Ifhe  ofigaaic 
remains  which  they  contain,  are  aubjecto  for  die 
especial  consideration  of  geolc^cal  treatises,  or 
tbeoffies,  and  can  find  no  place  in  this  woi4i:. 

As  a  class,  the  secondary  strata  still  require 
a  few  observations  before  proceeding  to  enuHie^ 
rate  the  individual  rocks  ranked  in  it. 

In  comparing  the  catalogues  of  the  jprimary 
and  the  secondary  strata,  it  will  be  seen  that  many 
very  distinct  species  are  contained  in  the  former, 
but  that  the  species  in  the  latter  are  nearly  con* 
fined  to  sandstone,  limestone,  and  shale.  Notwith* 
standing  this  limited  number  of  leading  distine^ 
tions,  they  present  much  variety  in  the  details ; 
even  independendyofthe  organic  remains  con« 
tained  in  tiiem,  by  which  odier  differences  of  a 
very  important  nature  are  also  frequently  produced. 
Hiese  distinctions,  however,  are  of  such  a  nature 
that  th^  can  claim  but  little  notice  in  a  catalogue 
of  rocks.  They  appertain,  for  the  most  part, 
either  to  that  branch  of  geology  which  is  of  a 
geographical  nature,  or  to  that  which  treats  of  the 
order  of  succession,  and  of  the  characters,  of 
those  int^ntii^  strata  whidi  indieate  the  suocea- 
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Mon  of  difleredt  daasefii  of  ^orgamaed  behigi^ 
iHiieli  bore  occupied  the  former  BatfM^es  of  die 
e»tb. 

That  the  secondary  rookie  are  oMch  niort' 
Uiaited  than  the  primary,  in  their  extent  as  well 
as  kk  th^ir  depth,  isao  obvioim,  as  scarcely  to  need 
a  remark.  Were  they  not  indeed  often  de&demity' 
the  primary  would  not  be  visible  on  the  snrfeoe. 
While,  in  fi^t,  the  primary  rocks  constitute,  as  fiur 
as  we  can  discern,  the  mass  of  the  earth,  the  sei^ 
cmidary  are  distributed  in  a  very  partial  and  un* 
equid  manner.  The  primary  rocks  may  also  be 
coDsid^^  universal,  since  they  are  found  With 
similar  characters  over  the  whole  globe  ;  and  if 
access  could  be  obtained  to  them^  they  would 
doubtless  also  be  found  to  recur  in  a  continued 
and  similar  general  succession  ever>'  where.  Btit 
tlie  secondary  strata  can  on(y  be  considered  as- 
universal  in  a  more  limited  sense,  or  inasmueh  as 
similar  rocks oecuf)  as  for  as  their  leadingdistinc* 
tions,  or  species,  are  concerned,  in  every  pari  of- 
the  world.  In  other  respects  they  are  pertid, 
since  they  are  not  continiioiis.  There  is  also 
reason  to  suspect  that  they  ave  partial  in  astiH 
c  c  2 
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Btrooger  seiMfe  of  the  term  ;  as  the  peculiar  ?ari- 
eties  which  occur  m  one  country,  or  over  a  cer* 
tain  extent  of  the  sur&ce,  appear  to  have  bo 
ejustence  in  other  remote  places. 

In  the  satne  manner,  uncertain  as  is  the  recur- 
rence of  the  different  members  of  the  pric^aiy 
class,  as  &r  as  the  wder  of  their  relative. arrange- 
meut  is  concerned,  every  one  of  the  members 
se^ns  to  occur  in  the  course  of  the  series,  in  every 
country.  But,  in  the  secondary,  the  nature,  as 
well  as  the  order  of  arrangement  of  the  remark- 
able varieties,  (which,  for  the  purposes  of  geolo- 
gical histor} ,  are  distinctions  of  great  moment,) 
is  very  different  in  different  situations ;  as  if  the 
primary  rock^  had  every  where  been  fonned  and 
disposed  according  to  a  general  law  for  the  whole 
globe,  while  the  secondary  were  regulated  by 
rules  constant  only  for  one  limited  portion  of  the 
surfiM^e. 

.  These  questions  are  of  great  importance  in 
geological  science,  and  open  a  wide  field  of  inves- 
tigation to  its  cultivators.  Ihis  is  not  the  place 
to  enquire  further  respecting  th^m.  It  may  only 
be  remarked,  that  the  deficiencies  of  the  secon-* 
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dury  strata  may  arise  from  two  causes.  They 
may  have  been  destroyed  daring  the  lapse  of 
time,  in  consequence  of  the  ordinary  effects  of 
wear,  or  of  other  causes  respecting  which  we  can 
only  conjecture.  There  is  also  reason  to  suppose 
thi^they  have  oflen  been  originally  but  partial  de» 
posits ;  limited  to  certain  dirtricts  on  the  suvft^e, 
probably  of  a  concave  fbrm^  and  technically 
termed  basins.  This  latter  opinion  is  supported, 
partly  by  the  peculiar  ntonner  in  which  the  di£- 
ferait  members  of  a  series  come  successively  in 
contact  with  the  primary  strata,  the  highest  strar 
tarn  covering  the  widest  space,  and  partly,  by  the 
dtfTerent  order  of  succession  of  the  members  in 
diflferent  places,  and  by  the  peculiar  limited  cha- 
racteni  of  the  several  depoBitB. 
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The  rock  which  forms  the  subject  of  the  pre- 
sent chapter,  has  very  frequently  been  designated 
by  the  name  of  the  old  red  sandstone,  for  the  pur- 
pose of  distinguishing  it  from  certain  sandstones 
of  the  same  colour,  which  are  found  higher  up  In 
Hie  succession  of  the  secondary  strata. 

These,  more  recent  red  sandstones,  are  fre* 
quently  separated  from  the  rock  in  question,  by 
intervening  strata  of  sandstone,  limestone,  and 
shale ;  in  which  cases  the  geological  distiricHon 
is  easily  made :  much  more  easily  indeed  than  the 
mineral  distinction,  which,  if  certain  specimens 
of  both  be  compared,  can  scarcely  be  perceived 
by  the  eye ;  far  less  be  rendered  intelligible  by 
description. 

Occasionally,  however,  the  more  recent  red 
strata, are  found  in  immediate  contact  with  the  eld 
red  sandstone ;  an  occurrence  which  often  proves  a 
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flooroe  of  ccnisiderable  difficulty  to  geolc^piilB. 
Tbey  ha?e  also  been  fouud  in  contact  even  wilk 
the  (irimary  8tivta»  as  the.  superior  secondary  strata 
of  other  kinds  occasionally  are;  and^  in  such 
cases,  it  is  evident  that  tlie  difficulty  may  be 
materially  increased,  and  that  all  the  sagacity  of 
the  geok^istmay  sometimes  be  required  to  make 
the  distinction,  and  to  avoid  being  misled  by  the 
consequences  that  would  result,  from  an  error  in 
this  case,  with  regard  to  the  succession  of  the 
secondary  strata. 

Although  the  mineral  distinctions  of  these  two 
rofckfi,  may  be  sufficiently  determinate  to  enable 
sn  observer  to  decide  on  their  nature,  when  a 
considerable  number  of  specimens  from  any  given 
tract  are  examined,  or  when  an  average  of  the 
cbarsctmv  of  the  whole  deposit  is  taken,  it  will 
not,  in  most4nstances,  be  safe,  or  even  possiblct 
to  draw  such  conclusions  from  the  examination 
of  a  small  number,  much  less  from  that  of  a 
single  specimen*  Similar  cases,  however,  are  of 
such  frequent  occurrence  in  examining  .o^ier 
rocksi  both  among  the  primary  and  secondary 
itrala^  that  they  offer  no  novelty  in  this  particular 
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MWtance.  They  only  serve  to  prove  still  fiir- 
ther,  that  which  has  been  already  fully  shown, 
that  the  most  accurate  knowledge  of  rocks  in 
specimens,  or  the  most  attentive  examination  of 
their  mineral  characters,  is  not  sufficient  to  super- 
sede the  necessity  of  geological  investigations^ 
where  questions  of  a  geological  nature  are  con- 
eemed. 

In  the  case  of  the  lowest  red  sandstone,  there- 
fore, as  in  many  others  where  the  chief  interest  is 
of  a  general  or  geological  nature,  the  mineral 
description  of  the  rock  must  be  considered  as 
merely  accessory,  and  as  tending  to  enumerate 
tiie  varieties  in  structure  and  composition,  which 
may  occur  among  the  strata  that  appertain  to  it 
Yet^  an  accurate  knowledge  of  those  varieties 
may  often  be  of  material  use  to  a  geologist,  by 
enabling  him,  sometimes  even  separately,  but, 
more  frequently,  in  conjunction  with  other  cho^ 
ractars,  to  determine  a  question  of  this  nature, 
where  the  evidence  derived  from  position  is  ob^ 
scwe,  or  unsatisfactory,  or  difficult  of  access. 

The  further  remarks  that  might  here  be  offered 
on  this,  as  on  similar  subjects,  are  the  bosines  of 
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geological  treitftses,  and  do  not  admit  of  bein^ 
detailed  in  this  work.  The  peculiarities  ala6 
which  distinguish  the  superior  red  sandstones, 
will  more  properly  be  examined  hereafter,  under 
the  head  of  the  upper  sandstones,  to  which  these 
properly  belong.  It  will  be  merely  necessary  to 
remark,  that  as  the  term  red  has  been  given  to 
both  these  kinds  of  sandstone,  and  as  this  colour 
forms  a  very  conspicuous  link  of  resemblance, 
when  there  are,  moreover,  often  present  but  very 
slight  shades  of  difference  in  other  respects,  it  n 
especially  requisite  for  the  student,  to  be  on  Us 
guard  lest  he  pronounce  a  judgment  from  that 
which  must  be  considered  an  accidental,  and  not 
a  necessai^,  feature.  Such  terms  too  often  eoneur 
in  biassing  the  views  of  observers,  even  of  gred 
acuta[)e88 ;  more  particularly,  when  derived  ftma 
characters  so  striking  and  so  obvious.;  and  were 
it  possible  to  change  names  long  receired,  the 
abolition  of  the  term  red  sandstone,  would  go  ht 
towards  remedying  an  evil,  of  which  every  gebloi 
gist  must,  at  soitte  time  or  other,  have  beto  ftliy 
sensible. 

It  mivt  be  left  to  the  decision  of  geologist, 
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whetiher  it  would  not  be  prudent  to  adopt  for  this 
aaadstone  some  term  analogous  to  the  Genmn 
name  of  the  red  dead-lier,  by  which  it  haa  errone- 
iHialy  been  described,  or  to  theproyincial  Engliah 
name  of  the  red  ragstooe,  more  congenial  to  our 
ownlanguage.  Inthemeantime,  the  term  oA^  red 
sandstone  has  notbeen  used  in  this  work ;  partfy, 
for  the  purpose  of  avoiding  any  confusion  between 
the  primary  and  the  secondary  sandstones,  and 
partly,  because  that  term,  if  it  must  be  retained, 
seems  most  applicable  to  the  former. 

In  the  obserrations  on  the  primary  sandstorie 
which  have  preceded,  the  circum^ancea,  bc^  of 
minend  structure  and  composition,  and  of  gM- 
logicsil  connections,  by  which  that  rock  is  dia* 
tiqguiftbed  from  the  lowest  red  sandstone  of  the 
sefioodary  class,  have  already  been  detailed  in  a 
gr^  measure.  That  which  r^oaains  to  be  mid 
onrthe  aol^t,  will  be  found  in  the  fotlowiag 
remarka  on  the  position,  association,  and  mioeml 
ctaMEMwa  of  the  latter.  The  reader  wili^  from 
AMie,.be}e9fd>led  to  dediiqe  for  himself,  whatever 
pmnts  of  contrast  or  resanblance  the  writer  Ins 
Hfi^.tboiight  necessary  U>  4rt«te  in  a  4etailed 
mannw« 
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It  hmi  often  been  the  practice  witk  geologmd 
«viter8,  as  has  already  been  remarked^  to  oon* 
prise  uoder  the  naate,  hot  Only  of  thif  rock)  bnt 
of  many  others,  several  aubstwieet  of  a  distinct 
minend  character^  which  are,  either  freqveotlyt 
or  iMmlly)  aa9K)ciated  with  the  prindpid  vwku 
Tbeise  are  generaHy,  if  not  aSwayi^  in  fpaUer^ 
qtumtify  tbaii  the  leadiog  substance  which  giva« 
a  ttame  to  the  whole;  and  are  found,  mort  ooin- 
Blonly,  in  repeati^  aHemation  with  it. 

The  term /mna<Hm  has  been  applied  to  iUph 
grempB  «tf  alternating  atrata,  and'  the  associated: 
sobsteraes  are  considered  as  snbtidiary,  or  ^nM*-* 
dmate  t6  the  leading  rock  of  thd  whiJe^  It  ilft 
not  here  tfae.place  to  enqntm  respiecting  the  uA^ 
Kty  or  th^  propriety  of  this  practice^  or  of  that  laf 
the  terms  above  mentioned :  it  is  a  question-  that 
appiirtaina  to  geok%y.  But  in  a  flii«amk)gical 
deacription  of  rooks,  the  use  Of  aieiw  «o  goUewl 
ail  !tbat  ^i/ermation^  thw.applicid,  woMid  e^i^ 
dently  be  iinpiiopir';  as^  under  tlie  ve^wpdsitdae. 
fin*€nniplc^1nthe>inliaii€eiio^:4iiKl^  ejivmmr. 
aliaBiaheie  imuldftbe  liMJbd^<M>$  oo))  4Mbl  «f 
lariiiiiskinAi^biitlirinloiiCu    Tb«e.  uref.thoi^ 


Digitized  by 


Google 


896  LOW£8T   H£D  SANMTPlfB. 

fore  considered  merely  in  the  lig*ht  of  aUemating 
strata,  and  are  (separated  acoordingly,  so  as  to 
come  under  examination  in  tfaeir  proper  place« 

When  the  red  sandstone  under  review  is  pre* 

sent,  it  is  in  contact,  at  its  lower  part,  with  the 

primary  strata  ;  and,  thus,  nmy  approximate  to 

any  one  of  the  whole  series  formerly  described* 

It  is  rarely  found  so  situated  with  re^>ect  to 

granite ;  but  Kildrummie  in  Aberdeenshire,  aad 

Sutherland,  fomish  examples  of  this  nature.     It 

is  also  more  frequently  found  in  contact  with  tiie 

argillaceous  schists,  than  with  die  other  membefs 

ofthe  primary  dass;  although  it  does  occur  in 

this  manner  with  every  one  of  them.    As  it  is^ 

hbwever,  sometimes  absent,  other  mendiers  of  tiie 

iiecondary  strata  are  found  occupying  the  lowest 

position. 

It  was  already  noticed  in  the  preceding  cbiqp^ 
ter,  that  the  strata  of  this  sandstone  are  not  neces* 
sarily  placed  in  a  reverse,*  or  unconformable 
order,  to  die  primary  vnth  which  they  are  in^ 
contsi^  In  certain  caseei,  they  are  found  to  sue*.- 
cwd  them  in  a  pandid  position  i  and,  in  thesei 
when  argiUaoeous  schist  is  Hmt  preceding  rock,  it 
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pometiiiieft  happens  that  a  gradation  takes  place 
at  the  junction.  The  ai^llaceoua  schist  becomes 
coarse  and  fBlled  with  fragments,  forming  diat 
which  is  called  gray  wacke ;  and  as  a  similar  cha- 
meter  is  found  in  the  first  beds  of  the  sandstone, 
the  boundary  between  the  two  rocks,  and,  conse^ 
qwnilyt  that  between  the  primary  and  secondary 
strata,  is  indefinite.  The  peculiar  interest  at- 
tMhed  to  this  occurrence,  is  the  province  of  the 
geologist.  The  mineral  distinction  cannot,  of 
course,  bet  made.;  and  the  specimens  must  neces* 
sarily,  as  in  all  similar  gradations  between  vp^ 
proximate  strata,  be  considered  as  of  an  interme- 
diate  nature. 

The  sabstances  which,  as  already  obeerred, 
are  fotand  to  occur  in  alternation  with  the  red 
sandstone,  are,  generally,  varieties  of  shale.  A 
gradatioDi  in  this  case  also,  sometimes  takes 
place  at  the  points  of  change ;  so  that  interme-* 
diate  rocks  of  no  very  definite  character,  are 
sometimes  found  among  the  sandstone  strata. 
Un^er  the  same  circumstances,  small  strata  of 
limestone  also,  are  occasionally  found ;  and  even 
there  become  sometimes  indefinite  at  their  sm*^ 
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ftM^es,  by  a  gradual  iQtermixtare  of  firagiaeBtt  ef 
calcareous  matter,  and  of  those  which  appertaia 
more  properly,  to  the  sandstone.    It  h»  as  yet 
uncertain,  whether  the  white  sandstones  which 
are  sometimes  found  shnilarly  alternating  wtdi 
the  red^  are  to  be  considered  as  colourless  portions 
of  the  same  deposit,  or  as  alternating  strala,  Kfce 
the  shales ;  but,  in  truth,  this  seems  rather  to  be 
a  doubt  respecting  the  use  of  a  term,  than  sribout 
a  geological  fact ;   as  there  are  no  means  of  db* 
termining  a  real  drflference,  under  circumstances 
of  this  nature,  among  rocks  of  mec^mnical^  com- 
position deposited  in  the  manner  in  which  all  the 
arenaceoiis  secondary  strata  appear  to  have  been* 
It  is  almost  unnecessary  to  repeat,  that  any  one 
of  the  secondary  strata  may  follow  the  red  sand* 
stone  in  a  continuous  series,  after  it  has  disi^ 
peared,  and  that  these  are  generally  in  parallel, 
or  ^Conformable,  order. 

'The  strata  of  red  sandstone  vary  much  in 
thickness,  individudly,  as  the  whole  deposit  itsdf 
also  yaries  in  depth.  As  the  latter  sometimes 
ranges  from  a  thousand  yards  or  more,  to  the 
thickness  of  a  few  feet,  so  the  strata  may  be  found 
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reeching  to  a  diumurioii  of  many  feet,  and  des^* 
cendiDg  even  to  that  of  an  inch.  They  are  some* 
tStees  separated,  merely  by  planes,  without  any 
iatermediate  substance,  or  change  of  structnre. 
In  other  cases,  the  separation  of  the  beds  is  e& 
feeted  by  intermediate  laminee  of  shale,  or  clay, 
or  by  akemating  beds  of  the  former  substance, 
or  of  KmaMont.  Not  unfreqnently  also,  the  dis- 
tinction is  produced  by  mere  change  of  structure, 
or  by  a  difference  in  the  magnitude  of  the  frag- 
ments wbkh  compose  the  proximate  beds,  or 
the  parts  immediately  in  contact.  In  a  few  in«» 
stances,  the  separation  of  the  beds  is  caused  by  a 
lamina  of  parallel  mica  ;  and,  in  this  case,  it  is 
iMt  unusual  for  die  sandstone  to  present  a  hminar 
structure. 

Strata  of  this  sandstone,  like  those  of  the  pri- 
mary rocks,  are  not  necessarily  of  equai  thickMss 
throughout ;  but  are,  on  the  contrary,  often  ex- 
tenuated till  they  disappear  In  the  same  man- 
ner, they  are  som^mes  cunred  in  a  greater  or 
less  degree ;  but,  in  this  rock,  as  in  the  secondary 
strata  in  general,  these  incurrations  nerer  pro- 
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ceed  to  such  an  extent  as  in  the  primary,  and  caa 
never  be  said  to  amount  to  contortions. 

It  has  been  imagined  that  red  sandstcme 
formed  veins  passing  through  the  adjoining  strata, 
as  has  also  been  asserted  of  the  upper  sandstones. 
It  were  a  waste  of  time  to  try  to  prove  the  erro- 
peous  nature  of  an  opinion  which  could  only 
originate  in  a  total  misapprehension  of  the  nature 
Qfavein. 

.  Red  sandstone  sometimes  exhibits  peculiari- 
ties of  internal  structure,  but  they  are  seldom 
visible  in  the  entire  rock :  such  as  they  are,  they 
are  detected  by  the  action  of  the  weather,  to 
which  the.softer  parts  yield  most  readily. 

Like  granite,  this  rock  sometimes  splits  into 
cuboidal  and  prismatia  masses,  which  afterwards 
become  rounded  at  the  angles,  so  as  frequently 
to  emulate,  at  a  distance,  the  appearance  so  often 
exhibited  by  that  substance.  As  in  granite  ako, 
it  may  frequently  be  concluded,  that  masses  of 
red  sandstone  must,  contain  intersecting  lamiose 
of  a  harder  texture  than  the  general  }>ody  of 
the  rock,  as  the  exposed  surfat^es  present  retico* 
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ktiog  and  protuberant  vei  ns.  When  the  wasting 
o(  such  masses  has  proceeded  to  a  considerable 
lei^h,  as  oft^n  happens  where  they  are  exposed 
to  the  action  of  the  sea,  the  intervals  between  the 
Teins  become  so  deep,  that  a  sort  of  cancellated 
or  cavernous  structure  is  exhibited ;  as  was  for- 
merly  noticed  in  describing  the  several  varieties 
of  concretionary  structure  found  in  rocks, 

A  spheroidal  concretionary  structure  on  the 
small  scale,  is  also  occasionally  found  in  the  red 
sandstone;  and  this,  like  the  former,  is  princi- 
pally detected  by  the  action  of  the  sea.  Arran 
exhibits  striking  examples  of  this  and  of  the  pre- 
ceding varieties.  It  is  not  improbable,  that  the 
peculiar  disposition  of  the  red  and  Mhite  colours 
IB  the  mottled  varieties  of  this  rock,  are  the 
result  of  a  concretionary  structure ;  but,  as  yet, 
I  have  not  been  able  to  ascertain  this  by  the  exa- 
mination of  such  varieties,  after  an  exposure 
capable  of  producing  the  effect  in  question. 

In  a  general  sense,  the  red  sandstone  must 
be  considered  as  formed  of  fragments,  more  or 
IfBBS  .jninute,  of  preceding  rocks,  or  minerals. 
When  these  are  of  the  usual  size  of  sand,  the 
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finer  sandstones  are  produced ;  when  larger,  the 
results  are  coarser  grit-stones,  and  conglomerates, 
or  breccias.  The  term  sandstone,  is  however 
applied  equally  to  the  whole ;  although,  rather 
in  a  geological,  than  in  a  mineralogical  sense. 

In  the  finer  sandstones,  the  adhesion  of  the 
parts  is  sometimes  slight ;  and  the  rock  is  there^ 
fore  of  a  feeble  texture,  while  its  mechanical 
structure  is  also  "in  this  case  most  evident.  In 
others,  the  adhesion  is  very  firm,  although  it  is 
impossible  to  trace  any  particular  cementing  me- 
dium by  which  the  union  of  the  parts  is  effected. 

But,  in  some  varieties,  it  is  very  apparent, 
that  the  harder  parts  are  united  by  the  interven* 
tion  of  a  general  cementing  medium  or  paste ; 
commonly  consisting  of  that  ferruginous  clay  to 
which  the  colour  of  the  rock  is,  in  most  cases, 
owing.  In  a  few  instances,  this  medium  appears 
to  be  carbonat  of  lime ;  or  else,  by  a  mixture  of 
the  two,  there  is  formed  a  sort  of  general  basis, 
in  which  the  harder  parte  are  imbedded. 

It  was  formerly  shown,  that,  in  the  primary 
sandstone,  the  grains  of  quartz,  of  which  it  is  ^ 
principally  composed,  were  often  firmly  com- 
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pttded  into  an  almost  unifoim  mass,  by  a  cement- 
ing medium  of  crystalline  quartz;  and  this, 
although  less  frequently,  sometimes  takes  place  in 
the  secondary  red  sandstone.  It  is  in  these  parti- 
calar  instances,  that  the  distinction  between  the 
two  rocks,  in  a  mineralogical  sense,  becomes  most 
difficult  As  in  all  parallel  cases,  it  can  then  only 
be  made  by  an  examination  of  the  geological 
characters  of  the  rock  in  question. 

Even  in  these  instances,  however,  the  texture 
of  this  sandstone  is  generally  more  or  less  distintly 
granular,  or  at  least  splintery;  nor  can  it  be  con- 
founded with  those  rocks,  which,  like  granite,  are 
formed  by  the  mutual  interference  of  parts  purely 
crystalline.  If  instances  of  such  a  difficulty  do 
occur,  they  are  extremely  rare,  and  are  limited  to 
the  places  where  such  sandstones  have  been  found 
in  contact  with  granite ;  a  iact  to  be  observed  in 
some  parts  of  Scotland. 

W  here  a  stratum  of  red  sandstone  is  formed 
of  coarser  materials,  these  are  almost  invariably 
mixed  with  the  finer  sand,  and  the  process  of 
cementation,  in  these  cases  also,  is  subject  to  ihe 
iame  modifications. 
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The  sizes  of  the  parts  of  which  this  rock  is 
formed,  are  infiuitely  Tarious ;  and,  although  the 
largest  do  not  often  exceed  a  few  inches  in  dia- 
meter, they  sometimes  attain  to  dimensions  of 
more  than  a  foot.  In  ^11  cases,  their  aspect  varies 
with  respect  to  the  marks  of  wear  which  they 
exhibit ;  as  they  are  sometimes  acutely  angular, 
and,  at  others,  as  far  rounded  as  is  possible. 
Tb^  proofe  which  the  latter  display  of  distant 
transportation,  or  of  long  continued  friction,  are 
highly  interesting  in  a  geological  view,  but  are 
not  objects  for  the  present  inquiry.  It  may 
happen,  that  angular  and  rounded  fragmentsrare 
contained  in  the  same  mass,  or  specimen ;  but 
it  is  more  usual  for  a  common  character  in  this 
respect,  if  not  a  very  defined  one,  to  pervade  one 
mass  or  stratum. 

It  is  not  necessary  that  the  whole  of  one 
stratum  should  be  formed  of  coarse  fragments,  or 
.of  fine  sand ;  or  that  the  sandstone  and  the  con- 
glomerate should  occupy  distinct  places.  On  the 
contrary,  it  is  not  unusual  for  one  part  of  a  bed 
to  be  fine,  and  another  coarse ;  and  this  variatioD 
of  structure  may  occur,  either  vertically^  or  at 
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right  angles  to  the  plane  of  the  bed,  or  else  la- 
terally,  or  accoi*ding  to  its  extent.  Occasionally 
also,  solitary  fragments  of  a  determinate  bulk, 
are  found  imbedded  in  the  finer  rock. 

The  simple  minerals  which  enter  into  the 
composition  of  the  red  sandstone,  are,  quartz, 
felspar,  clay,  mica,  and  carbonat  of  lime.     X"^^^ 
are  all  apparently  derived  from  the  disintegration 
of  previous  rocks,  the  larger  fragments  producing 
the  coarser  or  conglomerate  varieties.     Among 
these,  quartz  sand  is  the  leading  ingredient.  Clay 
is  the  next,  and  to  the  colour  of  this  substance, 
that  of  the  rock  is  generally  owing.  Mica  is  com- 
paratively a  rare  ingredient ;  or,  rather,  it  is  not 
an  abundant  one.     Its  presence  has  been  im- 
properly supposed  to  be  always  sufficient  to  dis- 
tinguish this  sandstone  from  those,  superior  in 
position,  with  which  it  might  otherwise  be  con- 
founded.    Carbonat  of  lime  is  also  rare ;  and,  of 
the  felspar,  it  may  be  remarked,  that  it  is  seldom 
either  abundant,  or  of  common  occurrence ;  hav- 
ing, apparently,  been  generally  decomposed,   so 
as  to  form  the  clay  already  noticed.     It  is  in  the 
frequent  presence  of  this  substance,  that  the  dis- 
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tinction  in  the  mineral  character  of  the  primary 
sandstone,  is  most  perceptible. 

The  rocks  which,  by  their  fragments,  con- 
tribute to  the  formation  of  the  coarser  varieties, 
may  consist  of  any  one,  or  of  all,  of  the  members 
of  the  primary  class.  It  is  very  rare,  however,  that 
the  whole  of  these  are  found  together.    Granite, 
as  among  the  most  durable,  is  also  among  the 
most  frequent;  and  the  argillaceous  schists,  as 
possessing  a  more  feeble  texture,  are  least  com- 
mon.    Large  fragments  of  common  quartz,  are 
also  of  frequent  occurrence  among  the  fragments 
of  the  compound  rocks.  It  is  an  interesting  point 
in  geology,  to   note  the  relation  borne  by  the 
fragments  in  any  of  these  sandstones,  to  the  pri* 
mary  rocks  in  the  immediate  vicinity ;    but  it 
does  not  form  part  of  the  present  examination. 

It  is  also  an  important  geological  fact  to  re- 
mark, that  fragments  of  the  trap  rocks,  here  con* 
sidered  as,  in  a  general  way,  belonging  to  the 
secondary  class,  are  sometimes  foand  in  the  con- 
glomerates ;  as  it  proves  that  some  of  these,  at 
least,  are  of  an  origin  prior  to  the  secondary 
strata;    unless  indeed  such  fragments  may  Ibe 
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suppoBed  to  have  been  derived,  in  some  cases, 
from  granite,  among  the  varieties  of  which,  as  for- 
merly remarked,  such  substances  are  often  found. 
With  respect  to  the  component  parts  of  this 
rock,  it  must  lastly  be  observed,  that  fragments 
of  previous  sandstones  are  sometimes  found  im- 
bedded in  it.     Whether  these  are  portions  of 
unknown  rocks  that  have  disappeared  from  the 
surfiu^,  is  an  object  for  geological  inquiry ;  but 
as  it  has  been  already  shown  that  there  is  a  red 
sandstone  among  the  primary  strata,  it  is  to  this, 
in  all  probability,  that  we  must  look  for  their 
origin. 

Few  imbedded  minerals  are  found  among  the 
secondary  rocks.  In  this,  sulphat  of  barytes  some- 
times occurs  in  veins,  as  does  gypsum.  Iron 
stone  is  not  unfrequent,  and  pyrites  also  is  some- 
times present :  oxidulous  iron  is  rare.  In  no  case, 
however,  do  any  of  these  interfere  with  the  tex- 
ture, or  modify  the  general  character  of  the  rock. 

Few  organic  substances  occur  in  the  red 
sandstcme,  nor  have  the  species  which  do  occur, 
been  fully  investigated.  At  any  rate,  they  are 
not  within  the  limits  of  the  present  inquiry. 
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The  prevailing  colour  of  this  rock  is  that 
whence  its  name  has  been  derived.  The  red 
varies  from  a  bright  ochre  down  to  the  darkest 
brown,  and  even  to  a  blackish  purple.  Many 
varieties  of  grey,  also  occur,  from  dark  blueish  to 
the  lightest  ash  colour,  at  length  passing  to  an 
imperfect  white. 

But  the  most  remarkable  modifications  of 
colour,  consist  of  intermixtures  of  red  and  white ; 
and  these  varieties  have  been  distinguished  by 
the  name  of  the  mottled  or  variegated  sandstone, 
as  if  they  formed  a  distinct  geological  mass* 
That  this  is  not  the  case,  however,  is  proved  by 
their  occurring  in  alternation  and  intermixture 
with  all  the  other  varieties.  The  most  remark- 
able of  these,  exhibits  white  circular  spots  of 
different  sizes,  more  or  less  abundantly  disse- 
minated in  the  red  ground ;  and  they  are  proved, 
by  the  fracture  of  the  stone,  to  be  spheroidal. 
In  other  examples,  the  white  is  disposed  in  veins, 
or  in  other  ways  intermixed  with  the  red  colour : 
and  it  is  remarkable,  that  where  these  characters 
prevail,  they  generally  also  pervade  the  accom- 
panying shales. 
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SYNOPSIS  or  THE  LOWEST  (RED) 
SANDSTONE* 

FIRST  DIVISION, 

Simple :  of  quartz  alone. 

A.    Sandstone,  of  various  degrees  of  hardness. 

a«    Fine,  arenaceous. 

b.    Gravelly, 

€•    Compacty  splintery,  scarcely  arenaceous. 

These  varieties  are  comparatively  rare.  The 
colour  is  sometimes  white,  but  it  is  also  occa- 
sionally  reddish,  yellowish,  or  grey  ;  the  quartz 
itself  being  coloured :  Var.  c.  is  not  to  be  dis- 
tinguished from  quartz  rock,  except  by  its  con- 
nections. 

SECOND  DIVISION. 

Compound :  of  two  or  more  ingredients. 

A.    Quartz  sand  mixed  with  clay.    Argillaceous 
sandstone. 

a.  Gravelly. 

b.  Fine,  arenaceous. 

c.  Very  fine,    the    particles    of    quartz 

invisible. 

These  vary  materially  in  aspect  and  character, 
according  to  the  relative  proportions  of  the  in- 
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gredients ;  the  last,  loses,  at  times,  all  appearance 
of  a  sandstone  and  passes  into  shale  and  into 
argillaceous  iron  stone.  They  also  vary  accord- 
ing to  the  degree  of  induration.  The  prevailing 
colours  are  reds,  and  different  tints  of  grey. 
They  are  sometimes  also  of  a  dull  white,  or  yel- 
lowish, or  brown,  or  purplish,  or  green,  or  dark 
lead  blue,  or  mottled  with  two  or  more  colours, 
as  grey  and  red,  or  red  and  white.  In  this  latter 
case,  the  colours  are  often  remarkably  disposed, 
as  before  mentioned. 

B*    Quartz  sand,  mixed  with  sand  or  particles  of 

felspar. 

a*    Grayelly. 

b.    Arenaceous. 

These  varieties  differ  in  aspect  according  to 

the  relative  proportions  of  the  ingredients.    They 

also  vary  in  colour,  that  being  chiefly  determined 

by  the  tint  of  the  felspar.    The  prevailing  colour 

is  red,  of  various  tones.    White,  and  grey,  arc 

more  rare. 

C.    Quartz  sand  with  carbonat  of  lime :  calcareoof 

sandstone* 

a*    Gravelly. 

b«    Arenaceous. 
This  vmely  is  genenUy  white. 
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D.    Qaartz  sand  with  carbonal  of  line  and  day : 
argillo-calcareous  sandstone. 

a.  Gravelly. 

b.  Arenaceous. 

These  vary  in  colour  accordiDg  to  the  tints 
of  the  clay.  When  the  quartz  is  very  fine  and 
in  small  proportion,  they  pass  into  calcareous 
shale  or  marie  slate. 

£•  Quartz  sand  with  mica,  or  with  mica  and  clay : 
of  various  degrees  of  fineness. 

a.  The    mica    irregularly   interspersed  : 

massive. 

b.  The  mica  disposed  in  a  parallel  manner, 

often  in  separate  laminse:  schistose, 
and  splitting  more  or  less  perfectly. 
Schistose  sandstone. 

F.  Quartz  sand  with  indurated  or  schistose  day. 

This  may  equally  be  enumerated  under  the 
head  of  argillaceous  schist,  (graywacke) ;  but  it 
occurs  as  a  transition  from  sandstones  of  a  de« 
dded  character,  and  is  associated  with  th^n. 

G.  Quartz  sand,  with  sand  fnm  the  wearing -of 
trap  rocks. 

Other  varieties  occur  from  the  occasional  in- 
termixture  of  other  minerals,  w  from  the  exist- 
ence of  a  greater  number  of  ingredients ;  but 
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the  preceding  are  the  most  usual,  and  it  is  uniM- 
cessary  to  prolong  a  catalogue  of  minute  varia- 
tions. 

THIRD  DIVISION. 
Containing  fragments  of  previous  rocks :  of 

a  conglomerated  structure.  Red  sandstone  con- 
glomerate, or  breccia,  of  mineralogists. 

A.  The  basis  consisting  of  either  of  the  preced* 
ing  fine  varieties  except  F  and  G,  Division  Second,  and 
containing  fragments  of  quartz  only. 

B.  Similar  bases,  with  fragments  of  granite,  or 
gneiss,  or  micaceous  schist,  or  quartz  rock,  or  jasper, 
or  all  of  these,  with  quartz. 

C.  The  same  bases, including  F,  Division  Second, 
with  fragments  of  argillaceous  schist. 

D.  The  base  G,  Division  Second,  containing 
fragments  of  trap  rocks. 

E.  The  bases  A,  B,  C,  D,  E,  Division  Second, 
containing  fragments  of  sandstone,  with  or  without 
other  fragments  of  previous  rocks. 

It  is  easy  to  imagine  a  much  greater  variety 
of  compounds,  and  perhaps  many  others  exist. 
It  is  unnecessary  to  refine  ou  these  divisions,  and 
the  preceding  contain  all  those  which,  as  iar  as  I 
have  observed,  possess  distinct  characters  and 
occupy  important  g^logical  positions. 
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It  has  already  been  observed,  that  whatever 
variety  in  a  mineralogical  sense,  and  whatever 
important  distinctions  of  a  geological  nature, 
may  exist  among  the  secondary  strata,  they  are 
nearly  all  comprised  under  the  heads  of  sand- 
stone, limestone,  and  shale.  Among  the  numer- 
ous varieties  of  the  former  rock,  that  which  was 
described  in  the  preceding  chapter,  is  generally 
very  distinguishable  from  the  rest  by  many  im- 
portant mineral  characters,  as  well  as  by  the 
steady  and  peculiar  nature  of  its  geological  posi- 
tion. But,  among  those  which  follow  it  in 
order,  which  alternate  with  the  other  members 
of  the  same  class,  it  is  very  difficult  to  make  such 
mineral  distinctions  as  to  render  it  either  neces- 
sary or  useful,  to  treat  of  them  separately. 

In  a  geological  view  however,  the  distinctions 
are  often  of  great  importance.  In  many  coun- 
tries, or  districts,  these  strata  occur  in  a  certain 
order,  and  under  certain  relations  to  the  accom- 
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pttnying  rocks,  which,  in  those  tracts  at  least,  are 
constant ;  although  the  same  order  and  the  same 
associations,  are  not  found  in  remoter  tracts  and 
in  other  countries.     Mineralogical  differences,  in 
other  respects  trifling,  thus  become  of  great  con^ 
sequence  in  geological  investigations  and  descri[l- 
tioQS ;  more  particularly  in  the  local  or  geogra- 
phical department  of  geology.     But  the  interest 
of  these  strata  chiefly  depend  on  their  geological 
associations  and  characters;  sometimes  on  the 
nature  of  the  organic  remains  which  are  con- 
tained  in  them  or  in  the  accompanying  lime- 
stones.   They  rarely,  if  ever,  are  founded  solely 
on  mineral  characters  ;  nor  is  it  possible,  by  such 
characters  alone,  except  in    some  peculiar  in- 
stances, to  distinguish  them  from  each  other,  so 
as  to  recognize  them  when  separated  from  their 
connections.    Even  in  those  few  cases  where 
they  may  be  distinguishable  by  an  eye  practised 
in  their  peculiar  niceties  of  aspect,  the  distinctive 
characters  can  seldom  be  conveyed  by  words. 

If  the  mineral  resemblance  of  these  sand- 
stones, is  such,  that  distinctions  can  be  rarely 
made  among  them,  sufficient  to  justify  the  placing 
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of  each  in  a  separate  division,  so,  in  their  geolo* 
gical  recurrence,  they  resemble  the  mialogous 
piisaary  strata,  in  which  no  such  distinctions 
were  thought  necessary.  Among  these,  argilla- 
ceous schist,  and  quartz  rock,  occur  in  as  many 
positions  and  alternations  as  do  these  sandstones 
in  gmeral.  The  record  of  these  is  the  business 
of  geology ;  and,  in  the  case  d  the  secondary 
sandstone,  also,  it  seemed  unavoidable  to  leave 
these  differences,  such  as  they  may  be,  to  those 
Who  treat  of  the  geological  history  of  strata, 
whether  local  or  general.  Had  a  different  pro- 
ceeding been  here  adopted,  it  would  have  been 
necessary  to  enter  on  the  details  of  these  local 
connections ;  and  had  each  stratum  or  formation 
of  sandstone  which  enters  into  the  structure  of 
England,  for  example,  been  described  under  a 
sqparate  title,  the  descriptive  catalogues  of  varie- 
ties would  have  been  little  else  than  mere  repe- 
titions of  the  same  unvarying  characters. 

It  is  true,  that  one,  or  more,  of  these,  such  as 
ihe  red  marie  of  the  English  geologists,  might 
have  been  placed  under  a  separate  head  :  but  as 
nothing  was  here  admissible  on  the  subject  of  its 
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geological  relations,  aud  ^  it  presents  scarcely 
any  i?ariety  of  character,  that  chapter  would  have 
been  nearly  a  vacant  attempt  to  preserve  an  use- 
less appearance  of  regularity. 

For  these  reasons,  it  appeared  preferable  to 
I^ace  the  whole  of  the  sandstones  which  follow 
the  lowest,  under  one  title ;  referring  the  reader 
to  geological  writers  for  those  distinctions  which 
confer  on  them  their  peculiar  interest ;  and  con- 
densing into  one  catalogue,  all  the  mineral  varie- 
ties which  are  the  peculiar  objects  of  this  work., 

Where  it  imis  appeared  possible  to  refer  any 
variety  to  a  known  position  among  British  strata, 
it  has  been  done  in  the  Synopsis,  But  this  part 
of  the  subject  js  unavoidably  imperfect ;  as  the 
minute  distinctions  of  many  of  these  local  rocks^ 
are  scarcely  definable  in  words,  and  as  many  of  the 
mostimportant,  are  derived  from  ceponomical 
uses,  dependent  also  on  properties  which  cannot 
be  described  ii)  an  intelligible  manner. 

Ther^  is  XK)t  much  to  be  said  on  the  general 
forms  and  mineral  characters  of  these  sandstones, 
which  would  not  be  a  repetition  of  that  whk;h 
has  already  been  stated  in  the  preceding  clu^^jter. 
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For  thriB  reason  that  enumeration  may  adiAit  of 
being  brief. 

In  the  forms,  dimensions,  and  divisions  of 
tiie  strata,  the  upper  sandstones  resemble  the  red 
sandstone  already  described.  The  masses,  or 
collections  of  beds,  oftfen  also  attain  to  very  cow- 
sidefable  dimensions,  without  the  intervention  of 
any  alternating  substances.  In  the  island  of 
Rasay,  for  example,  they  reach  to  a  thousand 
feet  and  upwards  in  thickness. 

Like  the  red  sandstone  also,  these  strata  alter* 
nate  with  smaller  intervening  beds  of  shale,  and 
of  limestone ;  and,  in  a  few  instances,  with  beds 
of  clay,  and  of  sand.  In  some  cases,  these  alter- 
nating snbstances  are  considered  as  subordinate 
to  some  mass  or  series  of  sandstone  strata ;  and 
thus  there  is  described  ?l  formation  or  particular 
association,  which  seems  to  be  sometimes  of  a 
Twy  arbitrary,  if  not  of  an  imaginary  nature  ; 
since,  in  other  instances,  the  same  alternations  of 
these  calcareous  or  schistose  rocks,  under  dii^ 
ferences  of  dimension,  are  held  to  constitute  A\9^ 
tinct /orma^tontf,  or  to  separate  one  association  of 
sandstone  strata  bearing  tome  local  title,  from 
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another  known  by  some  other  name.    But  this 
is  the  peculiar  business  of  geology. 

The  occurrence  of  coal,  as  an  alternating  sub* 
stance  in  the  lowest  red  sandstone,  is  so  rare,  tb/U 
no  notice  was  taken  of  it  in  the  preceding  efaap* 
ter  ;  although  it  is  known  so  to  exist  in  tbe  islmd 
of  Arran.  But,  in  tbe  upper  sandstones,  it  fre- 
quently occurs  ;  or  rather,  tbe  becb  of  coal  are 
almost  necessarily  accompanied  by  altematipg 
strata  of  these  rocks. 

Where  mica  is  found  in  these  sandstones,  it 
is  often  the  cause  of  a  laminar  tendency,  and,  as 
in  the  red  sandstone,  flags  of  considerable  yalue 
for  oeconomical  purposes  are  thus  generated. 
This  cannot,  however,  be  considered  among  the 
modifications  of  structure  ;  but  those  fonus 
which  may  fairly  be  referred  to  such  a  cause,  are 
very  conspicuous  in  some  yarieties  of  this  rock. 

The  first  of  these  deserving  of  notice,  is  truly 
laminar,  and  independent  of  the  intervention  of 
mica,  or  of  any  other  substance.  The  sandstone 
in  which  it  is  found,  is  composed  of  quartz  akme ; 
and  the  tendency  to  split,  is  generally  only  de- 
tected by  the  action  of  the  wealber.    The  mode 
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of  division  is  sometimes  extremely  singular,  but 
as  it  cannot  be  rendered  intelligible  without  a 
figure,  the  reader  must  unavoidably  be  referred  to 
that  work  on  the  Western  Islands  already  quoted^ 
where  the  most  remarkable  instance  yet  described 
is  represented.    It  is  found  in  the  Isle  of  Sky. 

•  Many  singular  modifications  of  a  concre- 
tionary structure,  equally  unintelligible  without 
drawings,  occur  in  this  rock ;  and  they  are,  in 
the  same  way,  detected  only  by  the  weltering 
of  the  exposed  surfaces.  The  consequences  thus 
produced,  are  often  such  as  to  resemble  the  artifi- 
cial ornaments  given  by  architects  to  rustic  base- 
ments ;  the  feebler  parts  wasting,  while  the 
harder  remain  in  a  variety  of  hatched  and  vermi- 
cuhur  forms. 

The  spheroidal  concretionary  structure  on  the 
large  scale^  is  sometimes  found  in  these  secondary 
sandstones.  In  this  case,  the  spheroids  are  inde- 
pmdent  of  each  other,  and  imbedded  in  the  ge- 
neral mass ;  being  distinguished,  after  the  wasting 
of  the  surrounding  parts,  by  their  superior  hard- 
nen  and  permanence.  The  surfaces  of  these 
sphevoids  are  sometimes  cracked  into  polygonal 

£  E  2 


Digitized  by 


Google 


420  SUPERIOR   SANDST0NB9. 

compartments ;  and  it  sometimes  also  happens, 
as  in  the  accompanying  limestones,  that  two 
flattened  spheroids  are  connected  by  a  cylindrical 
stem,  so  as,  to  resemble  a  military  projectile 
known  by  the  name  of  bar,  or  double-headed 
shot. 

It  is  not  unfreqiient,  in  these  sandstones,  to 
find  some  strata  filled  with  small  cylindrical  con* 
cretions  resembling  worms,  placed  parallel  to 
each  other,  and  vertically  to  the  plane  of  the  stra- 
tification ;  but  the  cause  of  this,  as  of  the  other 
singular  appearances  of  a  similar  nature,  is  as  yet 
•  unknown. 

Indurated  laminae,  similar  to  those  already 
described  in  the  red  sandstone,  and  often  intef- 
secting  each  other,  are  also  found  in  these  rocks; 
and  they  are  detected,  like  all  the  rest  of  these 
peculiarities,  only  by  the  action  of  the  weather. 
In  this  way,  evidence  is  sometimes  aflbrded,  of 
the  decomposition,  in  situ^  of  beds  of  sandstone ; 
as  these  laminae,  or  veins,  are  sometimes  found  re- 
taining their  original  hardness  and  imbedded  in 
a  mass  of  loose  sand.  At  Kildrummie  in  Aber- 
deenshire, a  very  striking  example  of  this  is  to  be 
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fl6en  ;  and  it  may  serve  to  proye»  that  where  sand, 
and  sandstone  are  found  intermixed,  the  former 
is  as  likely  to  have  originated  in  the  disint^ra- 
tion  of  the  latter,  as  that  the  rock  has  been  con- 
aolidated  from  loose  sand. 

With  respect  to  the  supposed  veins  of  white 
tandatone,  it  is  uunecessaiy  to  say  more  than  what 
was  remarked  in  speaking  of  similar  occm- 
rences  in  the  red.  Whatever  the  nature  of  such 
appearances  may  be,  they  can  only  be  consi- 
dered a$  veins  by  ignorance  or  voluntary  self- 
deceptioq. 

The  structure  of  the  sandstones  under  review, 
is  almost  invariably  fine  grained  and  arenaceous, 
like  the  predominant  varieties  of  the  red  and 
lowest  strata.  They  rarely  afford  examples  of  a 
conglomerate  or  coarse  grained  structure.  They 
vary  however  materially  in  point  of  induration  ; 
being  sometimes  extremely  tender,  and,  at  others, 
compacted  to  the  hardness  of  quartz  rock.  In 
some  rare  instances,  they  are  as  compact  as  the 
most  crystalline  varieties  of  that  rock ;  but,  in 
these,  it  will  generally  be  found  that  they  lie  in 
the  imioediate  vicinity  of  trap,  to  the  influence 
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of  which  that  change  of  character  may  be  at- 
tributed. 

Where  they  are  most  tender,  the  adhesion  of 
the  distinct  grains  is  produced  without  the  ap- 
parent intervention  of  another  substance.  The 
most  compact  kinds  sometimes  owe  their  texture 
to  the  cementing  property  of  clay  or  of  carbonat 
of  lime ;  and  where  the  compactness  is  still  more 
perfect,  it  is  found  that  the  adhesion  is  caused, 
as  in  quartz  rock,  by  the  intermedium  of  a  crys- 
talline continuous  cement  of  quartz.  It  is  in 
these  instances  that  they  are  often  difficult  to  dis- 
tinguish from  quartz  rock  except  by  their  geolo- 
gical position. 

Where  these  sandstones  contain  much  clay 
or  calcareous  earth,  or  both  together,  and,  at  the 
same  time,  lie  in  the  vicinity  of  trap  rocks,  they 
often  pass  into  jaspers  or  cherts ;  as  is  mentioned 
in  the  places  where  these  rocks  are  more  parti- 
cularly described. 

The  minerals  which  enter  into  the  formation 
of  these  sandstones,  are  very  limited ;  since  they 
consist  only  of  quartz,  carbonat  of  lime,  clay,  and 
mica.    Quartz  is  the  essential  and  predominant 
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it^^redient;  the  others  are  comparatively  rare, 
and  almost  always  in  very  small  quantity,  but  on 
tfaem  chiefly  depend  the  numerous  varieties  of 
character  which  this  rock  presents. 

As  these  sandstones  alternate  with  shales  and 
witii  limestones,  they  sometimes  also  pass  into 
tiiem  by  insensible  gradations ;  but  the  transi* 
tions  into  the  former,  are  more  frequent  than 
those  into  the  latter  rock. 

No  independent  minerals,  except  pyrites,  are 
found  imbedded  in  these  sandstones.  Cobalt, 
oxidulous  iron,  bitumen,  and  manganese,  are  too 
rare  to  deserve  being  reckoned  among  substances 
capable  of  modifying  the  character  of  the  rock. 

Many  organic  substances,  both  vegetable  and 
animal,  are  found  occasionally  included  in  some 
of  these  sandstones,  as  are  fragments  of  carbonized 
wood,  and  of  coal.  Moreover,  there  often  occur  in 
them,  forms  which  appear  to  have  been  produced 
by  the  previous  existence  of  vegetable  bodies,  of 
which,  nearly  all  but  the  traces  have  vanished. 
There  are,  generally,  cylindrical  substances,  often 
M  considerable  dimensions,  with  scaly  surfaces, 
or  with  regular  impressions  resembling  those 
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found  on  the  stems  of  certain  palin  trees,  and 
supposed  to  have  been  derived  fix>m  some  sojorce 
of  that  nature.  In  some  of  these  instances,  the 
originally  vegetable  nature  of  the  cause  is  proved 
by  the  existence  of  a  portion  of  coal  in  the  con- 
cretion, occupying  the  place  which  the  bark  must 
have  done  in  the  v^etable.  It  has  even  bap^ 
pened  in  some  recent  cases,  that  portions  of  erect 
trunks  of  trees,  similarly  characterized  by  the 
carbonized  state  of  the  bark,  and  by  the  forms  of 
the  roots  also,  have  been  found  in  these  strata ; 
the  place  of  the  wood  being  entirely  occupied  by 
the  sandstone.  Remarkable  examples  of  thjs 
nature  have  been  lately  discovered  near  Edin- 
burgh, and  at  Glasgow. 

Although  the  colours  of  the  upper  sandstones 
vary,  the  predominant  hue  is  white.  This  is 
sometimes  very  pure  at  others  tinged  with 
yellow.  Occasionally  also,  they  are  grey,  or 
mottled  and  striped,  in  various  ways,  with  white 
and  yellow,  or  white  and  red,  or  with  more  tjiap 
two  of  those  colours.  Those  tints  are  howevor 
far  less  various  and  remarkable  in  these  than  in  the 
red  sandstone*    In  some  rwre  instances,  tbey  are 
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found  of  a  black  colour,  from  the  presence  of 
bitumen  or  cimrcoal :  the  other  colours  depaod 
on  thoee  of  the  clays  which  enter  into  their  com- 
position. 

The  red  yariety,  knowa  by  the  name  of  the 
fed  marie,  and  already  noticed,  requires  however 
to  be  particularly  distinguished  on  account  of  its 
peculiar  geological  circumstances  already  alluded 
to,  and  because  it  is  the  frequent  repository  of 
rock  salt  and  of  gypsum,  as  well  as  of  sulphat  of 
strontian. 


SYNOPSIS  OF  THE  SUPERIOR 
SANDSTONES. 

FIRST  DIVISION. 

Simple :  of  quartz  alone* 

A.    An  aggregate  of  grains  of  quartz,  more  or 
less  condensed,  and  varying  in  hardness. 

a.    Of  a  large  grain ;  gravelly. 
b»    Fine;  arenafceous, 

lliese  yarieties  are  almost  necessarily  white ; 

but  tdey  Ti^  iq  bjrillianQy  according  tq  the  qua- 
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lity  of  the  quartz  from  which  they  are  formed* 
When  highly  indurated,  they  cannot  be  distin- 
guished from  some  of  the  varieties  of  quartz 
rock,  except  by  their  position.  They  are  occa- 
sionally  indurated  to  the  state  of  common  quartz 
in  the  vicinity  of  trap. 

SECOND  DIVISION. 
Compound  :   of  two  or  more  ingredients. 

A.  Quartz  sand  and  carbonat  of  lime. 

a.  Large  grained ;  gravelly. 

b.  Fine;  arenaceous. 

These  varieties  ai-e  generally  white.^ 

B.  Quartz  sand  with  clay. 

a.  Large  grained ;  gravelly. 

b.  Fine;  arenaceous. 

The  colours  of  these  are  various.  They  are 
either  white,  or  ochre  yellow  of  different  hues, 
or  red,  or  grey  of  different  d^rees  of  intensity, 
or  greenish,  or  black.  They  are  also  occasionally 
mottled  and  striped  of  various  colours.  The  red 
varieties,  more  particularly,  but  many  of  the 
grey  and  white  also,  are  not  distinguishable  from 
some  of  the  lowest  (or  old  red)  sandstone,  ex- 
cept by  their  geological  positions.    As  sufficiait 
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access  to  a  whole  series  is  not  always  to  be  ob- 
tained, it  is  sometimes  impossible  to  make  the 
requisite  distinctions. 

C.  Qoartc  sand  with  schistove  clay. 

This  variety,  although  akin  to  the  former  in 
name,  presents  sufficient  distinctness  of  character 
to  justify  a  separation.  The  clay  is  sometimes 
more  or  less  distinctly  interlaminated,  and  the 
rock  passes  into  shale. 

D.  Quartz  sand  with  clay  and  carbonat  of  lime* 

a.  Large  grained,  gravelly. 

b.  Fine,  arenaceous. 

£•  Argillaceous  or  calcareo-argillaceous  sand- 
stone mixed  with  bitumen. 

This  sometimes  passes  into  bituminous  shale. 

F.  Quartz  sand  with  clay  and  mica,  or  with  clay, 
carbonat  of  lime,  mica,  and  red  oxyde  of  iron. 

The  red  marie  of  English  geologists  belongs 

to  this  division. 

G.  Quartz  sand,  with  carbonat  of  lime«  mica,  and 
green  earth.    Kentish  rag. 

H.  Sandstones  of  various  quality,  containing  a 
large  proportion  of  rust  of  iron :  that  substance  often 
forming  the  cement  of  the  other  ingredients :  ferrugi- 
noas  sandstone. 

The  sandstones  of  the  Second  Division,  like 

those  of  the  former  head,  when  in  contact  vrith 
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tr^p,  pass  into  a  species  of  jasper,  or  into  chert, 
Tbey  are  sometimes  found  penetrated  by  oxyde 
of  cobalt,  by  oxydulous  iron,  and  by  carbonat(rf 
copper,  and  they  frequently  contain  pyrites, 

THIRD  DIVISION. 
Conglomerates. 

A.  Sandstone  containing  fragments  of  quartz. 

B.  Sandstone  containing  nodules  of  trap. 

C.  Sandstone  containing  fragments  of  previoos 
sandstones. 

D.  Sandstone  containing  fragments  of  schistose 
clay  or  shale,  or  of  limestone,  or  of  both. 

E.  Sandstone  containing  flints.     English,  pud- 
ding stone ;  of  Hertfordshire. 

This  is  sometimes  of  a  loose  arenaceous  tex- 
ture ;  at  others,  it  is  indurated  to  the  hardness  of 
quartz.  It  is  a  question  whether  it  does  not 
rather  belong  to  the  alluvial  rocks. 

Organic  remains,  both  v^etable  and  animal* 
as  already  noticed,  and  fragments  of  charcoal, 
are  not  unfrequent  in  the  sandstones  classed  under 
this  head. 
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It  was  formerly  remarked,  that  the  primary 
limestones  bore  a  very  small  proportion  to  the 
other  strata  with  which  they  are  aasocittted.  In 
the  secondary  class,  on  the  contrary,  the  space 
occupied  by  the  calcareous  strata  is  very  great, 
whether  we  consider  the  thickness  of  the  beds, 
or  the  extensive  tracts  of  country  in  whieh  they 
are  found  to  be  the  predoniinant  rocks. 

The  great  importance  very  properly  attached 
by  geologists  to  many  of  the^econdary  limestones^ 
might  have  appeared  to  justify  a  separate  des* 
cription  of  some  of  these,  instead  of  thus  treating 
of  the  whole  under  one  general  head.  Bat  the 
prcasent  plan,  as  in  that  of  the  sandstc^ies,  was 
net  adopted  without  ample  consideration  of  the 
subject,  and  till  after  a  full  conviction  of  the  im* 
possibility  of  forming  any  other  arrangement, 
widiout  producing  unnecessary  repetitions,  and 
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encroaching  on  the  pecaliar  department  of  the 
geologist. 

The  same  arguments  are  indeed  here  appli- 
cable as  in  the  case  of  the  sandstones.    The  pri- 
mary limestones  exhibit  peculiariti^  of  charactw^ 
much  more  strongly  marked  and  more  various 
than  the  secondary ;  yet  no  reason  thence  arose 
for  treating  of  them  under  separate  heads.    On 
a  due  examination  of  those  which  belong  to  the 
latter  class,  it  will  immediately  appear  that  the 
most  striking  distinctions  consist  in  the  nature 
of  the  organic  substances  which  they  contain ; 
and  that  their  other  important  differences  are  of 
a  geological  nature ;  relating,  either  to  their  order 
of  succession  and  association,  or  to  their  geogra- 
phical situations.     Neither  of  nhese  are  within 
the  limits  of  this  work. 

With  respect  to  many  of  the  limestones  des- 
cribed by  authors,  more  particularly  in  foreign 
countries,  there  has  been  great  difficulty  in  ascer- 
taining their  nature  from  the  descriptions,  so  as 
to  give  them  places  in  the  catalogue  of  varieties. 
It  is  even  uncertain  with  regard  to  many,  whether 
they  are  primary  or  secondary ;  and  this  doubt 
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liM  arisen,  as  already  uoticed  in  treating  of  ihe 
former,  from  the  lax  use  of  the  term  transittoHy 
which  seems  too  often  to  have  been  made  a  con- 
venient evasion  for  diflSculties  with  which  the 
dbsenrer  was  unable  or  unwilling  to  cope.    It  is 
not  therefore  in  the  case  of  the  white  limestone 
of  Greece  only,  which  appears  to  be  secondary, 
that  this  difficulty  has  occurred  ;  and  time  alone 
can  remedy  this  and  many  other  defects  which 
unavoidably  beset  a  subject  that  has  hitherto  ex- 
perienced but  a  ver}   imperfect  consideration. 
There  is  no  one  of  the  sciences  in  which  super- 
ficial observations  are  so  easy  to  make  and  so 
difficult  to  detect  or  verify ;  and  the  use  of  a  very 
few  established  terms  and  phrases,  enables  the 
most  incompetent  observer  to  throw  obscurity, 
for  a  long  period,  over  the  most  simple  facts,  and 
to  convey  the  semblance  of  information  without 
the  substance. 

Secondary  limestone  is  much  more  decidedly 
stratified  than  primary,  which,  it  has  already 
been  seen,  is  often  found  in  the  form  of  large 
imbedded  irregular  m hisses.  Yet  some  cases  also 
occur,  where  the  form  of  stratification  disappears, 
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or  Where  this  limestone  preseirts  the  slittpe  of 
bodies  as  irregular  as  granite  or  serpentine. 
This  loss  of  tiie  stratified  forai  is  sometimes  so 
complete  throughout  a  given  mass,  that  no  trac^ 
of  it  are  visible  ;  but,  in  other  instances,  it  is  easjr 
to  perceive,  that  tte  beds  lose  their  regularity  ii 
a  gradtial  ntianner,  and  that  a  shapeless  thtasB  h 
thus  continuous  with  a  collection  of  the  most 
r^fular  starata.  It  is  further  important  to  remark, 
that,  in  these  cases,  the  organic  bodies  which  srt 
contained  in  the  shapeless  rock,  are  commonly 
very  obscure  and  ill  defined,  and,  very  generally, 
rare ;  while  it  is  also  sometimes  easy  to  perceive, 
thai  in  those  instances  where  a  regular  series  of 
beds  gradually  loses  its  form,  the  organic  remains 
undergo  similar  gradual  changes,  till,  at  the  end, 
they  sometimes  entirely  disappear. 

Under  the  same  circumstances,  such  lioM^ 
stones  undergo  an  alteration  of  appearance  abd 
texture.  The  dark  varieties  change  their  colour 
to  some  lighter  tint^  and^  in  this  manner,  bhdt 
strata  have  been  observed  to  become  gradually  of 
a  pure  white.  The  soft  earthy  varieties,  in  the 
saitae  cases,  become  compact,  of  even  crystalline ; 
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and,  in  some  particular  instances,  they  undei^o 
that  more  complete  change  into  chert  which  is 
noticed  under  a  subsequent  head. 

These  changes  will  be  found  sometimes  to 
occur  in  the  vicinity  of  the  trap  rocks ;  in  others, 
they  may  be  observed  where  no  such  rocks  are 
present ;  but  as  these  highly  interesting  facts,  and 
their  probable  causes,  are  more  especially  matters 
for  geological  discussion,  the  reader  must  here  be 
referred,  for  further  information^  to  the  author^s 
account  of  them  in  the  work  already  often  men- 
tioned, where  they  are  described  as  occurring  in 
the  ble  of  Sky  and  in  the  Isle  of  Man. 

Strata  of  limestone  vary  materially  in  thick* 
neas,  and  in  the  parallelism  of  their  opposed 
jdanes,  as  those  of  sandstone  have  already  be^n 
shown  to  do ;  and  the  accumulation  of  beds, 
.which  forms  any  single  series  of  one  variety, 
differs  in  the  same  manner  in  dimensions,  from 
the  thickness  of  a  few  feet  to  masses  of  moun- 
tainous bulk.  In  a  similar  way,  they  often  foiiq 
-very  extensive  tracts  of  country  in  some  places  ; 
while,  in  othera,  they  are  limited  to  dimensions 
of  a  few  miles,  or  even' yards. 
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The  beds  of  limestone  are  associated  in  a 
constant  system  of  alternation  with  the  other 
secondary  rocks,  and,  occasionally,  even  with 
clay  and  with  sand.  As  in  the  case  of  the  sand- 
stones, when,  in  such  an  association,  the  other 
substances  are  subordinate  in  quantity,  they  are 
considered  as  subordinate  in  geological  phrase- 
ology, and  the  term  formation  is  applied  to  the 
whole ;  the  series  being  named  from  the  lime- 
stone. In  other  instances,  the  interposition  of 
masses  of  shale  and  sandstone,  is  supposed  to 
distinguish  dSectually  between  one  set  of  cal- 
careous strata  and  another ;  and  thus  a  series  of 
limestone  acquires  a  different  name,  which  is 
either  provincial,  or,  if  more  generally  found  in 
nature,  derived  from  some  more  general  source. 
Thus  we  have  the  geographical  term  Jura  lime, 
stone,  the  provincial  term  Lias,  and  the  more 
general  one,  mountain  limestone. 

If  these  distinctions  are  sometimes  arbitrary, 
or  limited  and  local,  in  others  they  are  sufft- 
ciently  determinate  and  indisputable :  being  ac- 
companied by  certain  steady  and  general  charac- 
ters, and,  very  often,  by  the  peculiar  nature  of  the 
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imbeilded  oi^oic  remains.  AU  these  are  mat* 
ten  of  a  highly  interesting  nature,  but  the  most 
general  notice  of  them  only  is  admissible  in  this 
place. 

Some  remarkable  varieties  of  internal  struo 
lure  are  found  in  the  secondary  limestones^ 
That  which  has  been  called  the  schistose,  is  im- 
properly so  named,  as  it  is,  more  strictly,  laminar. 
Almost  all  the  laminar  limestones  seem  to  owe 
Ikekt  fissility,  either  to  the  presence  of  certaih 
organic  remains,  or  to  the  interposition  of  shalie 
or  clay,  howeyer  small  in  quantity.  Although 
these  forais,  therefore,  may  often  be  very  remark- 
able, they  cannot  be  considered  as  examples  of 
an  internal  structure.  Even  the  most  thinly 
laminar  JimMtones,  which  are  often  so  valuable 
ipr  csconomical  purposes,  appear  to  derive  th4t 
form  from  their  stratification ;  and  the  laminae 
ought  to  be  considered  as  thin  strata  separated 
ftxNBi  eauh  other  without  an  intervening  substbnce, 
as  the '^larger  frequently  are.  1  am  not  aware 
that  any  example  has  occurred  in  the  calcareous 
rodks,  of  a  fissile  tendency  not  conforming  to  the 
planes  of  stratification.    Should  such  occur,  as 
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in  the  sandstones,  it  would  necessarily  be  ranked 
among  the  modrfications  of  a  concretionary  stmc- 
ture. 

The  fibrous  structure,  already  described  in 
the  general  remarks  on  the  forms  of  rocks,  occurs 
in  this  limestone,  yet  it  is  not  common.  As  in 
the  case  of  gypsum,  it  appears  the  result  of  crys- 
tallization, and  the  fibres  are  always  at  rigbt 
angles  to  the  plane  of  the  strata.  It  is  remarkable 
that  the  same  apparent  stratum  is  sometimcB 
fibrous  in  one  portion  of  its  thickness  and  amor- 
phous in  the  remainder ;  or,  if  the  two  are.really 
distinct  strata,  they  are  not  separable  by  mecha- 
nical force.  The  fibres  are  generally  both  straight 
and  parallel,  and  they  do  not  lose  the  latter  cha- 
racter even  when  slightly  curved,  as  they  some- 
times are.  In  some  rare  instances,  they  present  a 
singular  imperfectly  ramified  appearance,  not  to 
be  rendered  intelligible  by  iix)rd8,  and  ve»y 
tnuch  resembling,  on  a  general  view,  the  effect 
that  would  be  produced  by  an  Bggregdite  of  or- 
ganic remains. 

The  small  columnar,  or  hrge  fibroas  struc- 
ture, also  occurs  in  limestones,  but  still  more 
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nurely,  and  it  presents  several  varieties  of  appear* 
anoe.  Id  some  cases,  the  prisms  are  simple  and 
parallel;  in  others,  simply  radiated  from  one 
center;  or  else  they  interfere  with  each  other  as 
diey  proceed  from  various  centers.  These  pr»m$ 
are  sometimes,  but  not  necessarily,  crystalline ; 
«id  they  are  frequently  imbedded,  in  the  form 
of  distinct  radiating  concretions,  in  continuous 
masses  of  an  earthy  character.  In  a  few  rare 
instances  they  are  not  only  striated  longitudinally, 
but  marked  at  intervals  by  protuberant  joints;  a 
stmeture  formerly  mentioned  as  also  occurring 
in  some  ironstones  and  jaspers.  From  the  re- 
semblance which  some  of  the  above-mentioned 
i^pearances  present  to  organic  bodies,  these  va- 
rieties have  been  distinguished  by  the  name  of 
madreporite. 

The  spheroidal  structure  occurs  in  limestones 
under  three  very  distinct  forms. 

In  the  first  of  these,  spherical  grains  of  lime- 
atone  are  agglutinated  into  a  solid  mass,  the  par- 
ticles varying  from  the  size  of  poppy  seed  to  that 
c(b  pea ;  and  these  rocks  are  known  by  the  name 
of  oolites.     The  gmi^  are  sometimes  simple; 
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but,  if]  other  cases,  they  are  formed  of  concentric 
crusts. 

In  the  second  variety,  the  spheroidal  structure 
k  on  a  larger  scale,  and  the  spherules,  which  are 
simple,  interfere  with  each  other  so  as  often  to 
present  considerable  irr^ularity.  On  weather- 
ing, as  the  intermediate  soft  parts  disappear,  th^ 
become  very  visible ;  protruding  in  the  same 
botryoidal  forms  which  are  hereafter  mentioned 
as  also  occurring  in  the  siliceous  schists. 

The  last  variety  so  exactly  resembles  that 
already  described  as  sometimes  occurring  in  the 
sandstones,  that  it  is  only  necessary  to  repeat  die 
remark  there  made,  by  observing,  that  the  sphe- 
roids are,  in  this  case,  imbedded  and  sparingly 
dispersed  in  the  general  mass  of  an  ordinary  stra- 
tum ;  that  they  extend  to  the  diameter  of  two,  or 
even  three  feet,  are  commonly  very  much  flat- 
tened, and  are  sometimes  associated  in  p^inB  by 
a  cylindrical  stem.  < 

Before  quitting  the  subject  of  structure,  it 
must  be  observed,  that  these  limestones  are  fre* 
quently  found  to  have  been  fi-actnred  and  re-nnited 
by  die  same  materials.    In  this  way  they  present 
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a  great  YBxiety  of  appearance,  depending  ou  the 
colours,  proportions,  intermixture,  and  size,  of 
the  parts ;  and  these,  like  the  primary  calcareous 
rocks  which  exhibit  similar  features,  are  some- 
times wrought  as  ornamental  marbles. 

Conglomerate  limestones  are  also  found  among 
them,  consisting  of  a  basis  of  calcareous  matter 
with  imbedded  fragments  of  older  rocks;  and 
Ihese  are  not  unfrequently  interposed  among  the 
strata  of  the  lowest  red  sandstone.  Calcareous 
conglomerates  also  occur  in  the  upper  limestones 
of  the  west  of  England,  which  seem  to  correspond 
to  the  magnesian  limestone  of  the  north-eastern 
district.  As  these  are  necessarily  treated  of  again 
under  a  distinct  head,  the  present  brief  notice  of 
the  fact  will  in  this  place  suffice. 

The  texture  of  secondary  limestones,  like  that 
of  the  primary,  is  very  various.  They  are  some- 
times earthy,  like  chalk,  or  else  somewhat  more 
compact,  and  presenting  a  dull,  but  even,  fracture^ 
like  that  of  the  non-fissile  argillaceous  schists  or 
claystones.  Such  earthy  limestones  are  com- 
fpKHily  of  a  very  fine  texture,  but,  occasionally, 
they  have  a  coarser  of*  an  arenaceous  appearance. 
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The  dullness  of  the  fracture  may  diminisb, 
while  other  circumstances  continue  the  same; 
and  thus  they  acquire  a  more  compact  and  a 
harder  aspect^  with  corresponding  varieties  of 
surfiM^e  on  fracture.  This  appearance  of  com- 
pactness is  often  so  perfect,  that  the  fractared 
surface  is  as  uniform  and  smooth  as  that  of  pitch 
or  glass ;  and,  in  these  cases,  it  is  sometimes  even, 
at  others,  conchoidal,  and,  occasionally,  splintery. 

The  secondary  limestones,  like  the  primary, 
are  sometimes  crystalline;  and  that  crystalline 
texture  presents  as  many  modifications  of  appear* 
ance  in  the  one  class,  as  it  does  in  the  other.  To 
detail  these  varieties  could  serve  no  purpose ;  but 
it  may  be  added,  that  it  is  not  uncommon,  in 
certain  situations,  for  crystalline  particles  to  be 
intermixed  in  a  base  of  which  the  prevailing  cha- 
racter is  compact  or  earthy. 

These  resemblances  of  character  between 
many  limestones  of  the  secondary  and  othei's  of 
the  primary  class,  are  of  considerable  import- 
ance. They  serve  to  prove  that  which  has 
already  appeared  in  many  other  cases,  namely, 
that  the  mineral  distinctions  between  the  two, 
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are  not  suflicient  to  enable  us  to  decide  on  the 
class  of  any  such  rock  from  an  examination  of 
its  mineral  characters  alone.  Where  organic 
remains  are  not  present,  that  difficulty  can  only 
foe  removed  by  investigating  the  geological  eon* 
oections  of  the  rock  in  question;  and  it  is  from  a 
mixture  of  theoretical  opinions  on  this  subject 
with  superficial  observations,  that  so  many  secon- 
dary limestones  have  been  placed  in  the  imagin- 
ary transition  class. 

It  ought  not  to  be  omitted,  that  among  the 
peculiar  characters  of  this  limestone,  that  of  flex- 
ibility has  been  found  to  exist,  as  it  is  also  known 
occasionally  to  do  in  some  rare  varieties  of  gneiss 
and  of  san(btone.  A  peculiar  magnesian  limestone 
of  Sunderland,  mentioned  in  the  catalogue  of 
varieties,  offers,  however,  as  I  believe,  the  only 
example  which  has  yet  occurred. 

The  simple  minerals  which  enter  into  the 
composition  of  the  secondary  limestones,  are, 
principally,  carbonat  of  lime,  with  occasional, 
but  far  inferior  proportions  c^  quartz  sand,  and 
of  elay.     Charcoal,  or  carbon  under  some  modi- 
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fication,  and  bjtamen,  also  occur,  and,  io  mauj 
varieties,  in  cmisideFable  abundance. 

Where  a  notable  proportion  of  quartz,  or  of 
sand,  is  united  to  carbonat  of  lime,  the  texture 
of  the  rock  is  generally  very  compact ;  and) 
although  the  particles  of  quartz  are  rarely  visibly 
suck  limestones  give  fire  freely  with  steel.  At 
the  same  time,  they  generally  effervesce  witb 
difficulty^  and  do  not  easily  bum  into  friable  lime. 
In  the  vicinity  of  trap  rocks,  such  lime^^tones  pass 
into  chert,  as  is  hereafter  noticed  more  fully  under 
that  head. 

Where  a  lai^  proportion  of  clay  exists,  the 
liaiestones  also  effervesce  with  difficulty ;  and,  if 
thatttfbstanceis  in  great  excess,  refuse  to  buni 
into  lime«  As  ^  quartz  is  also  an  ingredient  in 
these  cas€»,  it  is  not  unfrequent  for  them  t^f\m 
into  slags  in  the  kiln ;  but  when  the  proportion 
of  these  it^edients  is  moderate,  they  produce 
cements  liapable  of  hardening  immediate^  on 
the  application  of  water,  as  is  in  other  cases  prac* 
tisid,  by  mixing  the  burai  di^s  with  pure  liipe. 
The  lias  strata  are  peculiarly  noted  for  possessing 
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110  property,  by  which  they  me  often  rendered 
Tery  Ta]uab1e.  It  muBt  lastly  be  remarked  on 
tbis  subject,  that  these  argillaceoas  limestones 
sometimes  entirely  lose  their  characters,  and 
pass  into  the  shales  by  which  they  are  accom- 
panied. 

The  presence  of  bitumen,  commonly  commu^^ 
nicates  a  black  colour  to  limestone,  with  a  fetid 
smell  either  on  burning  or  on  friction ;  and  these 
Twieties  are  sometimes,  but  not  necessarily,  ac* 
cM[ipanied  by  organic  remains/  Besides  simple 
bitumen,  it  would  however  appear  that  some 
other  inflammable  Inatter  is  occasionally  con^ 
tinned  in  them ;  as  is  proved  by  the  smell  of  sul^ 
phttretted  hydrogen,  and  by  other  pe^^uliarly  fetid 
and  indescribeable  odonrs  wliich  they  sometimes 
Mrit  on  friction.  ' 

It  does  not  appear  that  the  secondary  lime- 
^tonecr  are  ever  the  repository  of  any  i»imple 
mtnerals  capable  of  modifying  their  characters ; 
^mlcaas  pyrites  be  considered  an  exception.  The 
mietalKc  substance^  found  in  theml>elohg  to  yeins^ 
afld  f^  nbt  here  subjects  fot*  consideration. 

^    The  organic  remains  found  in  tihese  strata. 
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are  of  great  yariety,  and  they  form  a  set  of  mort 
important  geological  distinctions.  Their  rdlne^ 
however,  in  identifying  distant  strata,  is  as  yet 
unsettled,  and  will  probably  prove  for  more 
limited  thaii  was  once  supposed.  The  study  of 
these  substances  is  of  so  important  a  nature,  that 
it  would  be  injurious  to  give,  in  this  work,  that 
which  must,  from  its  nature,  be  necessarily  su* 
perficial  and  limited.  Nor  is  indeed  our  know^ 
ledge  of  them  as  yet  so  far  advanced  as  to  admit 
of  any  unexceptionable  arrangement  of  them, 
even  by  those  to  whom  this  branch  of  geology 
has  formed  a  peculiar  object  of  attention.  That 
department  of  the  science  is  as  yet  nearly  in  its 
infancy  ;  and  it  must  even  remain  for  a  fotitfe 
time,  to  decide  in  what. manner  a  subject  so  iirti- 
mately  connected  with  the  study  of  zoology  and 
anatomy,  is  to  be  treated  of  by  geological  writers. 
To  attempt  to  combine  that  which  is  imperfecdy 
known,  with  those  departments  of  which  the 
knowledge  is  so  much  further  advanced,  could 
serve  no  useful  purpose  ;  and  would,  by  its 
unavoidable  imperfection,  dirow  an  air  of  insiif- 
ficiency   over  the  whole  of  this  arrangement. 
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When  our  knowledge  shall  be  further  extended, 
it  may  become  possible  to  combine  in  one  work 
Ae  proper  mineral  characters  of  rocks  with  the 
description  of  tliose  once  living  bodies  which  are 
now  imbedded  in  them ;  but  it  is  more  probable 
that  it  will  be  found  necessary  to  separate  into 
distinct  works  two  subjects  which  interfere  in 
BMny  important  points,  more  than  they  coalesce 
in  crthers. 

The  last  subject  relating  to  the  general  oha» 
meters  of  the  secondary  limestones,  is  colour.  In 
those  rocks  which  contain  no  <»rganic  rCTouiins, 
and  even  in  many  of  those  in  which  they  exist, 
the  colour  is  commonly  uniform  throughout.  In 
these  cases,  scarcely  any  tint  is  found  but  the 
imumerable  varieties  of  grey ;  at  one  extremity 
of  which  may  be  placed  pure  white,  as  black  is 
sometimes  found  at  the  other.  Ochry  yellow 
tints  are  also  occasionally  to  be  observed,  but 
varieties  of  red  are  far  less  common. 

Where  organic  remains  are  imbedded,  the 
colours  of  these  bodies,  and  those  of  the  base, 
are  sometimes  different ;  the  former  being  white 
or  light  grey,  while  the  latter  are  dark.     In  other 


Digitized  by 


Google 


446  sBeodfDART  Liumrons. 

instandeSyamach  greater  variety  of  hue  prefaMs; 
dilffisreDt  tints  of  yellow,  red,  grey,  white,  and 
black,  being  sometimes  intermixed  in  various 
modes.  Such  secondary  limestones  are,  like  the 
primary,  frequently  wrought  as  marbles  for  pm*- 
poses  of  ornament ;  as  are  indeed  many  of  those 
which,  with  one  colour  only,  present  a  textDre 
capable  of  ateuming  a.^  proper  polish.  To  notice 
these  in  greater  detail,  is  beyond  the  limitBof  a 
work  which  only  professes  to  treat  of  minetal  dis- 
tinctions. They  are  often  highly  interestiii^  in 
the  arts,  and  ornamental  in  cabinets  of  speet- 
men9;  but  are  too  easily  distingutsbed,  and*  at 
the  same  time  far  too  numerous,  to  find  places, 
even  in  the  catalogues  of  varieties;  among  which, 
the  distinctions  arising  fix>m  colour  have  here 
been  systematically  neglected,  as  of  a  trifling  and 
unimportant  nature. 


SYNOPSIS  OF  SECONDARY  LIMESTONE. 

FIRST  DIVISION. 
Simple,  or  nearly  so:  formed  of  carbonatof 
lime  with  little  or  no  intermixture  of  other  earths. ' 
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Effervescei  readily  and  burns  to  lime  which  is 
eaiily  slacked. 

A.  Crystalline ;  more  or  less  perfect. 

a.  Graeular. 

b.  Granular  splintery. 

A  white  variety  occurs  in  Sky,  not  to  be 
distinguished  from  primary  limestone  (marble 
for  sculpture).  They  are  however  more  fre- 
quently grey.  In  some  cases,  and  not  unfr^ 
quenUy  near  trap»  crystalline  particles,  or  por- 
tions, more  or  less  extensive  and  conspicuous, 
are  found  imbedded  in,  or  intermixed  with,  lime- 
stone of  an.  earthy  texture. 

B.  Compact,  with  a  smooth  fracture  more  or  less 
glossy. 

a.  Flat,  splintery. 

b.  Splintery  and  small  conoboidal. 

C.  Thin  laminar,  scarcely  schistose. 

D.  Fibrons,  or  prismatic. 

a.  Fibrous,    more .  or   less   minute  :    the 

fibres  simple,  parallel,  and  coalescing; 
sometimes,  slightly  undulated.  The 
lustre  is  occasionally  silky,  and  the 
colour  white;  forming  satin  spar. 

b.  Fibrous,  the    fibres  ramifying;     coa- 

lescing, and  with  a  pseudo*organic 
structure. 
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This  is  found  in  Egg,  and  elsewhere,  with 
ordinary  varieties  of  the  former. 

c.  Prismatic,  parallel   or  radiating:    the 

prisms  more  or  less  easily  separable : 
sometimes  striated,  and  with  an  ob- 
scure appearance  of  joints:— pseado- 
organic;  Madreporite  of  mineralo- 
gists. 
£•  Concretionary  spheroidal.  Peastone,  roe- 
stone,  and  oolite. 

a.  With  large  spherules,  sometimes  com- 

pressing each  other. 

The  structure  of  the  spherule  is  often  dis- 
tinctly laminar  and  it  scales  off  in  concentric 
crusts :  rare  ;  in  some  cases,  apparently  of  recent 
alluvial  origin. 

b.  With  spherules  of  a  moderate  size: 

roestone. 
c    With  minute  spherules,  varying  much 
in  size  and  sometimes  becoming  in- 
distinct :— oolites  of  England. 

d.  The  spherules  intermixed  with  frag- 

ments of  irregular  forms.    Purbeck 
stone. 
F.    Fragile,  or  easily  sectile. 

a.  With  a  smooth  somewhat  glossy  frac- 

ture :  indurated  chalk.    Ireland. 

b.  With  an  earthy  fractnre ;  cooftpact,  but 

soft :  common  chalk. 
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c.  ContainiDgclaj:  grey  chalk. 

d.  Earthy,  incompaGt :  chalk  marie. 

This  last  might  equally  have  been  enumerated, 
only  with  marie.  The  white  limestone  of  Greece 
is  said  to  resemble  var.  a. ;  but  the  want  of  ac- 
quaintance with  it  prevents  me  from  determin- 
ing its  place. 

All  the  varieties  of  this  division  become  occa- 
sionally impure,  so  as  to  pass  into  those  of  the 
next.  T'he  colours  of  these  limestones  are 
various,  as  formerly  remarked,  but  the  following 
are  among  the  most  common.  White,  pale  grey, 
dove  colour,  dark  grey,  reds  of  various  hue, 
greyish  brown,  red  brown,  dark  brown,  black. 
These  tints  are,  as  in  the  primary  limestones, 
sometimes  intermixed  in  various  ways  ;  and  the 
varieties  of  colour  are  increased  by  the  intersec- 
tion of  veins  of  a  pure  carbonat  of  lime,  or  by 
the  presence  of  organic  remains.  Such  varieties 
are  sometimes  wrought  as  marbles  for  ornamental 
purposes. 

SECOND  DIVISION. 
Compound,  containing  a  notable  proportion 
of  some  other  earths  or  substances. 

o  G 
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The  nature  of  8uch  admixture  is  only  ascer- 
tained by  chemical  analysis ;  but  it  is  accompa^ 
nied  by  certain  external  characters  by  which  it 
is  afterwards  recognized  without  that  assistance. 

A.  Calcareous  carbonate  with  mag^iesia,  chiefly. 
Mag^aesian  limestone. 

a.  Massive. 

b.  Laminar,    and    flexible    when    moist. 

Sunderland. 

The  proportion  of  magnesia  amounts  to 
twenty  per  cent.,  or  more.  The  lustre  exceeds 
that  of  common  limestone  :  the  fracture  is  granu- 
lar and  somewhat  arenaceous.  That  of  England 
(well  known)  is  of  a  dull  ochry  yellow  colour. 

B.  Calcareous  carbonat,  with  a  conspicuous  pro- 
portion of  clay  intermixed  :  contains  also  some  silica. 

Aberthaw  limestone.  Lias  limestone.  Oc- 
curs in  beds  among  the  series  of  the  same  name. 

a.  Massive :  sometimes  in  laminae  divided 
«o  minutely  by  clay  or  shale  as  to  be 
nearly  schistose. 

As  the  proportion  of  clay  is  sometimes  very 

considerable,  it  often  eflfervesces  with  difficulty, 

flies  to  pieces  in  the  fire,  and  will  not  bum  so  as 

to  slack  in   water :   if  the  heat  is  excessiTe,   it 

forms  a  slag.    The  lime  produced  from  some  erf 
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the  variaties,  bardeai  suddenly  when  wetted,  like 
tarras  cement.  The  stone  used  in  lithographic 
engraving  belongs  to  this  place.  The  colours 
are  generally  various  tints  of  grey,  from  pale  to 
nearly  black.  It  is  also  occasionally  of  a  dull 
white.  The  texture  is  more  or  less  minutely 
granular,  or  uniform  and  smooth. 

b.  CoDcretionary :  small  spheroidal :  bo- 

tryoidal. 

c.  Concretionary:  large  spheroidal:  ge- 

nerally oblate,    and    sometimes    at« 
tached  in  pairs  by  a  cylindrical  bar. 

Occurs  imbedded  in  the  massive :  in  Rasay^ 
and  Sky. 

C.  Calcareous  carbonat  with  a  considerable  pro- 
portion of  oxyde,  or  rather  rust  of  iron,  as  well  as  of 
clay  and  silica.  Spheroidal^  flattened.  Often  divided 
internally  into  prisms  by  calcareous  spar:  septana. 

This  is  imbedded  in  the  blue  clay  of  England. 
Produces  water  cements,  like  some  varieties  of 
the  preceding. 

D.  Calcareous  carbonat  with  notable  proportions 
of  clay,  silica,  and  oxydes  of  iron. 

Occurs  in  the  lowest  red  sandstone.     Is  fre- 

queotly  i*ed,  yellow,  or  mottled  of  various  colours, 

or  grey,  or  even  whke,  ami  w:«Mrcely  burns  to  lime. 

6   G  2 
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a.  Imperfectly  g^nular;  shiniiig. 

b.  Earthy. 

€•    Smooth :  the  fracture  splintery  or  ap- 
proaching to  the  conchoidal. 

This  variety  becomes  so  overcharged  with  the 

other  earths,  as  to  pass  into  calcareous  shale,  or 

marie  slate. 

E«  Carbonat  of  lime,  more  or  less  pure,  and  in- 
termixed with  bitumen.     Bituminous  limestone. 

F«  Carbonat  of  lime  intermixed  with  a  large 
proportion  of  silica  chiefly.  Eflfervesces  with  g^reat 
difficulty,  unless  in  powder :  f^nrms  slags  in  the  fire  : 
passes  into  calcareous  sandstone. 

When  near  trap,  it  is  often  highly  indurated, 
even  previously  to  its  assuming  the  character  of 
chert,  and  it  then  frequently  presents  a  very  ano- 
malous appearance.  These  varieties  effervesce 
with  still  gi'eater  reluctance,  unless  reduced  to 
powder. 

THIRD  DIVISION. 
Compound :   containing  some  visible  ingre- 
dient intermixed. 

A.  Limestone  containing  mica. 

B.  Limestone  containing  mica  and  sand. 

These  varieties  occur  in  company  with  micii- 
ceousy  or  micaceo-arenaceous  shale. 
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FOURTH  DIVISION. 

Containing  fragments  of  limestone,  or  of  quartz, 
orof  difierentcompouud  rocks.     Conglomerated. 

A.  Containing  fragments  of  previous  limestone. 

B.  Containing  fragments  or  pebbles  of  quartz. 

C.  Containing  cbert  or  agate,  in  fragments.    Oc- 
curs at  Clunie  in  Perthshire. 

D.  Containing  fragments  of  argillaceous  schist ; 

probably  of  shales. 

Some  of  these  are  necessarily  noticed  again, 
for  the  convenience  of  the  student,  under  the 
head  of  Conglomerate  Rocks. 

There  are  further,  as  already  noticed,  many 
popular  distinctions;  often  very  marked,  among 
the  limestones,  which  do  not  admit  of  being 
enumerated  in  a  catalogue  of  this  natui*e.  These 
sometimes  depend  on  actual  variations  of  charac* 
ter,  on  the  presence  of  certain  organic  remains, 
or  on  the  less  important  distinction  of  colour. 
Sometimes  they  are  founded  on  geological  posi- 
tion ;  not  unfrequently  they  are  of  a  local  or 
geographical  nature* 
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Flint  and  pyrites  are  the  only  minerals  which 
have  beeh  observed  in  the  limestones  of  this 
class,  if  we  may  except  crystals  of  carbonat  of 
lime.  The  first  of  these  abounds  principally  in 
the  chalks,  but  it  also  occurs,  generally  under 
slight  modifications  of  aspect,  in  the  coifipact 
limestones.  Pyrites  is  found  almost  solely  in 
these  latter. 
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Undbr  this  term  are  iQcluded  all  the  argil- 
laceous schists  of  the  secondary  class,  sometimes 
bIso  known  by  the  inconvenient  and  awkward 
name  of  slate  clay. 

These  have  seldom  been  found  occupying 
extensive  tracts  in  nature,  and  it  is  even  rare  to 
find  them  in  considerable  beds.  The  Orkney 
Islands  are  however  an  exception  to  this  general 
rule.  They  are  commonly  in  the  form  of  thin 
strata,  often  of  mere  laminae,  alternating  with  the 
other  rocks  with  which  they  are  associated. 
Hence  they  are  often  implied  by  geologists,  where 
they  are  not  mentioned  in  any  series,  or  forma'- 
Hon ;  being  considered  as  subordinate  substances. 
They  present,  in  this  case,  a  striking  analogy 
to  the  argillaceous  schists  of  the  primary  cFass, 
which  often  occur  in  a  similar  manner  among 
the  other  rocks  of  that  division. 
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They  are  found  in  the  lowest  red  sandstone, 
under  a  great  variety  of  character;  and  of  this, 
Arran  presents  a  very  stiiking  example.  Very 
commonly  also,  in  this  case,  they  resemble  the 
graywacke  of  the  primary  class  so  strongly,  that 
they  cannot  be  distinguished  by  their  mineral  cha^ 
racters;  a  circumstance  already  mentioned  in 
treating  of  that  rock.  In  some  instances,  as  in 
the  Orkney  Islands  and  on  the  north-west  coast  of 
Scotland,  these  beds  occupy  a  space  so  consider- 
able among  the  rocks  with  which  they  are  associ- 
ated, as  to  be  a  source  of  doubt  to  the  geologist ; 
since,  under  peculiar  circumstances  of  exposure, 
and  of  limited  access  to  the  series,  it  may  thus'  be 
impossible  to  distinguish  them  from  the  primary 
graywacke.  In  these  cases,  in  fact,  there  some- 
times appears  to  be  an  actual  transition  between 
the  primary  and  secondary  classes ;  the  appear- 
ance of  such  a  transition  being  rendered  more 
perfect  by  the  conformable  order  of  the  two. 

Shale  also  forms  a  member  of  the  various 
sandstones  which  lie  above  the  lowest,  or  red 
sandstone ;  occurring  through  the  gr^Uer  num- 
ber of  those  with  which  we  are  acquainted,  and. 
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in  «ome,  very  conspicuously.  In  these  cases  also, 
it  is  often  very  difficult  to  distinguish  it  from  the 
finer  gray  wackes  of  the  primary  series;  while,  in 
some  instances,  it  is  even  easily  confounded  with 
day  slate,  as  formerly  remarked,  unless  examined 
in  conjunction  with  its  geological  connexions. 

It  occurs  in  many  of  the  secondary  limestones ; 
either  alternating  with  the  calcareous  strata  in 
considerable  beds,  or  forming  thin  lamince,orelse 
entering  as  a  constituent  with  other  substances, 
into  some  of  the  peculiar  groups  in  which  many 
of  these  are  found 

Shale  is  also  found  associated  with  coal.  In 
this  case,  it  either  alternates  with  the  coal  itself,  or 
forms  a  component  part  of  the  peculiar  series  of 
which  that  substance  is  the  most  conspicuous 
member. 

Further,  ^t  is  found  among  the  clays ;  some 
portions  of  these  important  deposits  appearing  to 
have  been  indurated  into  this  form,  while  others 
have  retained  their  loose  earthy  character.  The 
enumeration  of  its  associations  already  given  in 
the  two  preceding  articles,  renders  it  unnecessary 
to  take  further  notice  of  them  here. 
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Finally,  it  has  been  thought  necessary  to  enu- 
merate among  the  shales,  that  substance  known 
hy  the  name  of  adhesive  slate,  which  occurs  in 
that  peculiar  and  supposed  fresh-water  formation, 
known  by  the  name  of  the  Paris  basin.  Here- 
after perhaps,  when  the  similar  formations  dis- 
covered in  other  parts  of  the  world  shall  be  lietter 
known,  it  tnay  become  expedient  to  form  a  sqn- 
rate  geological  division  for  the  purpose  of  con- 
taining the  rocks  that  appertain  to  them.  At 
present,  it  would  be  unnecessary,  and  indeed 
improper,  to  attempt  such  an  arrangement ;  and 
the  substances  found  in  those  of  France  and 
England,  the  only  two  as  yet  thoroughly  known, 
must  therefore  be  enumerated  with  those  members 
of  the  ^secondary  class  to  which  they  bear  the 
strongest  affinities. 

The  texture  ofall  the  shales  is  more  or  lessdis- 
tinctJy  schistose,  and  many  of  them  sdso^  break  ac- 
cording to  certain  natural  joints,  by  which  they 
are  divided  in  the  beds.  In  other  respects,  they 
present  many  different  aspects,  arising  from  the 
greater  or  less  fineness  of  the  materials,  or  the 
variety  of  substances  wiiich  eater  into  their  com*- 
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poAtion.  They  scmietimes  also  contain  larger 
fragments  or  nodoles  of  the  rocks,  from  the  de- 
composition of  which  they  have  been  formed. 

Lastly,  they  contain  organic  remains  bodi 
T^etable  and  animaK  In  the  limestones,  they  are 
Qtflen  the  principal  repository  of  the  shells  which 
appertain  to  these  groups  of  beds  They  are  also 
the  occasional  repositories,  like  marie  and  coal, 
of  the  remains  of  vegetables.  From  anal(^U8 
causes,  they  are  also  often  impr^nated  witii 
bitumen,  even  in  such  excess,  as  to  be  imper- 
fectly combustible. 

A  general  conception  of  their  distinguishing 
characters  as  forming  a  species  of  rock,  may  be 
deduced  from  these  remarks.  More  particular 
notions  can  only  be  conv^ed  by  tfae  description 
of  varieties. 
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SYNOPSIS  OF  SHALE. 

FIRST  DIVISION. 
Simple. 

A.    Common  sbale. 

a.  Hard,   and  often  not    distingaishable 

from  the  fine  and  the  coarse  and 
argillaceous  schists  of  the  primary 
class:  namely,  clay  slate,  and  ordi- 
nary gray  wacke. 

This  variety  occurs  chiefly  with  the  lowest  or 

red  sandstone. 

b.  Somewhat  fragile,  and    less   continu- 

ously laminar. 

Occurs  in  alternation  with  the  superior  sand- 
stones, or  with  the  secondary  limestones,  or  with 
common  clay. 

c.  Tender,  ofTen  scaly  rather  than  laminar. 
Occurs  in  similar  situations,  where  it  is  fre- 
quently the  repository  of  organic  remains. 

d.  Passing  into  clay. 

e.  Granular  concretionary :    occurs,    hi- 

therto, only  in  the  Shiant  Isles. 

f.  Spheroidal  concretionary :  in  the  same 

situation :  in  the  vicinity  of  trap. 

The  prevailing  colours  of  these  shales  are 
various  shades  ofgi*ey,  commencing  from  black 
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and  tenDinating  in  white,  but  the  latter  variety  is 
rare.    Acquiring  red  and  yellow  tints,  it  passes 

into  the  following  variety.* 

B.  Ferriferous  shale. 

a*  Laminar,  simple,  and  of  various  colours, 
pink,  red,  purple,  brown>  obscure 
blue,  yellow,  or  mottled  variously 
with  different  tints. 

h.  Laminar  and  short  columnar:  the  co« 
lumnar  ironstone  of  some  mineralo- 
gists. The  surfaces  are  sometimes 
remarkably  channelled  on  the  mar- 
gins, as  noticed  in  the  chapter  on  the 
Forms  of  Rocks. 

c.  Containing  red  oxide  of  iron  in  excess, 
and  passing  to  common  ironstone. 

C.  Adhesive  slate.  Opaque,  adheres  to  the 
tongue,  pate  yellowish,  or  smoke,  g^ey.  The  slaty 
structure  is  only  visible  in  consequence  of  the  loss  of 
its  water  by  exposure,  and  is  rendered  again  invisible 
by  wetting  it. 

This  substance  is,  for  convenience,  here 
ranked  with  the  shales,  but  it  belongs  to  that 
limited  series  of  rocks  occurring  in  the  vicinity 
of  Paris  which  is  supposed  to  owe  its  origin  to 
fresh  water. 

D.  Polishing  slate.  White  or  yellowish  white, 
<^qiie,  brittle,  and  lighter  than  water. 
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Thii  sobBtance  sometimes  eoBtains  impres*- 
sions  of  wood  and  of  fishes.  It  is  of  such  limited 
occurrence  that  it  might  perhaps  more  properly 
have  been  ranked,  like  Tripoli  and  other  matters, 
with  the  minerals  of  a  mineralogical  system. 


SECOND  DIVISION. 

Compound. 

A.  Argillo-bituminous. 

a.  Slightly  impregnated  with  iDflammable 

matter. 

b.  Highly  impregnated  with   bitamen  so 

as  to  be  combustible :  accompanies 
coal.  Black  and  ako  br^wn.  The 
latter  is  Kimmeridge  coal. 

B.  Argilk>*calcsreoi]8--«C€Nitatning  so  wamch  oar* 
bonat  of  lime  as  to  etkrwmee  with  acids. 

Some  of  the  varieties  of  this,  are  the  marie 
slates  of  certain  mineralogists.  As  these  sub* 
stances  are  not  very  distinct,  they  are  s^in  intro- 
duced under  the  head  of  marie. 

C.  Argil  lo-micaceous;  containing  a  conspicoous 
proportion  of  mica. 

D.  Arenaceo-micaceous ;  containing  a  large  pro- 
portion both  of  sand  and  mica.  With  the  former,  in 
Sky. 
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E.  QoartziferoiM ;  and  passing  into  flaggy  sand* 
atone. 

F.  With  roanded  nodales  of  trap  or  other  foreign 
fragments  imbedded  :  occurs  in  Pabba  aad  Sky. 

Pyrites    is    not   unfrequeiitly   imbedded   in 

shale.     It  then  sometimes- becomes 

G.  Alaminous  schist— or  alum  slate:  forming  an 
aluminous  saline  efflorescence  on  exposure  to  air,  par- 
ticularly if  accompanied  by  heat  and  moisture,  and 
thus  generally  fulling  to  pieces. 

Shale  is  also  a  repository  of  common  iron 
fitone  and  of  the  septaria. 

It  further  often  contains  vegetable  and  animal 
remains  in  great  variety ;  whence  arise  a  set  of 
distinctions  which  will  find  their  proper  place 
in  any  arrangement  that  may  be  formed  of  fossil 
organized  bodies,  but  which  do  not  Ml  within 
the  plan  of  this  work. 

Where  it  is  in  contact  with  trap,  it  often  passes 
into  siliceous  schist,  as  is  noticed  under  that  head. 
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It  was  already  remarked,  in  describiDg  the 
general  plan  of  this  work,  that  it  appeared  neces- 
sary to  treat  of  the  whole  of  the  rocks  included 
under  this  comprehensive  title,  in  one  division. 
Much  consideration   was  bestowed  on  various 
plans  for  separating  them ;    but  none  of  these 
could  be  adopted,  without  producing  inconve- 
niences far  greater  than  those  which  follow  from 
the  present  arrangement.     If  all  the  masses  of 
these  rocks  in  ijature,  are  not  posterior  to  the 
secondary  strata,  no  correct  and  unexceptionable 
rules  can  be  given  for  distinguishing  those  which 
are  of  an  earlier  date ;  while,  in  a  general  sense, 
they  possess  the  universal  common  character  of 
being  unstratified,  and   posterior  to  the  rocks 
with^  which  they  are  connected. 

With  respect  also  to  their  mineral  compositioD 
and  structure,  it  must  be  observed,  that  every 
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modiflcitioD  included  under  this  title^  occurs  as 
a  recent  secondary  rock,  and  that  they  all,  wMi 
exceptions  that  do  not  aflect  the  present  question, 
pass  into  each  other  in  an  imperceptible  manner. 
There  is  therefore  no  distinction  either  of  a 
mttiefal,  or  of  a  geological  nature,  capable  of 
guiding  us  in  any  attempt  to  separate  them  into 
distinct  fiaimilies;  much  less,  in  dividing  them 
between  the  two  classes  of  primary  and  secondary. 
To  illustrate  all  these  circumstances  in  a  manner 
as  ample  as  the  case  deserves,  would  require  a 
geological  history  of  the  whole,  which  it  has  been 
found  necessary  to  exclude  from  this  work,  and 
which,  in  this  instance  in  particular,  would  lead 
to  a  great  length  of  discussion  Hereafter,  when 
additional  experience  shall  have  added  to  our 
fMresent  imperfect  knowledge,  it  may  become 
comparatively  easy  to  separate  them  under  dif- 
ferent heads,  and  thus  to  remove  an  inconve- 
nience of  which  the  writer  is  fully  sensible,  but 
which  he  confesses  himself  at  present  unable  to 
remedy,  without  producing  others  still  greater. 

The  several  rocks  of  this  family,  form  tracts 
of  very  various  extent  in  different  countries . 

H    H 
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and,  in  that  light,  they  may  be  considered  uni- 
versal. Yet  they  cannot  be  considered  universal 
in  the  same  wide  sense  as  granite,  the  primary 
stmta,  and  the  principal  members  of  the  secon- 
dary stratified  rocks.  They  appear,  on  the  con- 
trary, to  be  in  a  great  measure  limited  to  parti- 
cular spots,  more  or  less  extensive,  and  to  be,  if 
separately  considered,  partial  and  independent 
productions. 

Where  they  do  occur,  they  sometimes  ntse 
into  high  mountains,  of  which,  in  this  countryi 
Sky  and  Mull  afford  examples;  at  others,  they 
form  lower  hills,  or  even  summits  absolutely  in- 
dependent. These  masses  are  generally  irregu- 
lar, but  sometimes  bear  indistinct  marks  of 
stratification  ;  the  vertical  edges  of  the  successive 
beds  producing  that  scalar  appearance  in  the  out- 
line of  the  land  whence  the  name  Trap  has  been 
derived.  They  also  frequently  occur  in  veins; 
and  these  are  sometimes  connected  with  the 
larger  masses,  while,  at  others,  they  appear  to  be 
absolutely  independent  6f  any  visible  larger  por- 
tion or  tract. 

Under  the  uncertainties  already  stated,  re^ 


Digitized  by 


Google 


OVERLYINO   RO0K8,  467 

pectii^  their  possible  relation  in  point  of  time  to 
the  rocks  of  the  primary  and  secondary  classes, 
it  only  remains  to  describe  the  geological  con- 
nections in  which  they  actually  occur.  That 
they  frequently  rest  on  the  most  antient  primary 
rocks,  or  that  they  send  veins  through  them,  is 
no  proofs  as  already  shown,  of  a  connection  in 
point  of  time ;  as  the  same  effects  would  take 
place,  although  a  deposit  of  this  nature  were  to 
be  formed  at  the  present  moment. 

They  have  l>een  found  in  contact  with  every 
rock,  from  granite,  upwards,  to  some  of  the  most 
recept  of  the  secondary  strata.  It  is  yet  however 
uncertain,  whether  there  are  masses  of  these 
roqks  later  than  the  whole  of  those  strata ;  and, 
iDiOre  particularly,  it  remains  to  be  proved,  whe- 
tlier  any  such  formation  has  taken  place  since  the 
deposition  of  the  fresh-water  series.  As  far  m 
relatfes  to  ttieir- antiquity,  when  compared  to  the 
different  member^  of  the  secondary  class,  there  is 
precisely  tlie  same  difficulty  as  that  stated  in  the 
la«t  paragraph:  so  that  we  must  be  content  to 
8apf)06€  them  posterior  to  the  whole,  merely  for 
.  want,  of  proof  to  the  conjtrary.     This  remark, 
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however,  like  the  preceding,  relates  only  to  indi- 
yidual  instances :  because  the  existence  of  tn%- 
ments  of  these  rocks  in  the  lowest  sandstone 
conglomerate,  proves  that  there  have  been  fonnsF- 
ti(His  of  this  nature,  prior  to  the  deposition  of  the 
secondary  strata ;  and  the  intersection  and  shift* 
ing  of  two  or  more  veins,  appear  equally  to  prove, 
that  there  has  been  more  than  one  formation 
among  these. 

In  granite,  they  only  occur  in  veins;  sor* 
mounting  it  when  in  misses.    But  among  the 
stratified  rocks  of  both  classes,  they  are  found 
intruding  in  masses,  as  well  as  jn  veins;  mA 
these  sometimes  put  on  a  form  so  far  parallel  to 
the  stratification,  as,  when  partially  viewed,  to 
give  them  the  semblance  of  beds.     The  veins, 
which  are  also  common,  are  sometimes,  in  tbe 
same  manner,  partially  parallel  to  the  planes  of 
tiie  including  strata,  so  as  to  have  led  to  similm* 
errors.    In  either  case,  the  true  nature  of  these 
may  be  determined,  with  proper  care,  by  finding 
tiiiat  the  parallelism  is  not  long  maintained,  but 
that  any  one  such  supposed  stratum,  or  vein, 
quits  its  place  to  intersect  the  adjoining  and  ita^ 
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dBding  stratified  rock,    or  sendi  ramifiGations 
trough  the  whole  series. 

But  there  is  one  case  in  which  these  rocks 
aeem  to  form  strata  unconnected  with  veins,  and 
absolutely  parallel ;  and,  of  this,  the  north-western 
coast  of  Sky  presents  examples,  as  the  north- 
-eastern  does  of  most  of  the  other  circumstances 
here  detailed.     These  strata  alternate  with  jasper^ 
f»liceous  schist,  and  ferruginous  clay ;  probably 
idso,  with  chert  or  indurated  limestone.     It  will 
hereafter  be  shown,  that  shale  is  convertible,  in 
similar  circumstances,  into  siliceous  schist,  a  sub- 
stance strongly  resembling  basalt ;  and  it  is  easy 
therefore  to  account  for  these  strata,  by  suppos- 
ing that,  from  the  same  cause,  such  substances 
liave  been  converted  into  those  strata  of  trap  of 
various  kinds,  which  their  several  peculiarities  of 
cofBposition  enabled  them  to  assume. 

In  a  few  cases,  where  deep  sections  of  difls 
faflbrd  opportunity  for  examination,  it  is  also 
CosumI  that  irregular  masses  lie  beneath  the  stra- 
tified rocks  in  some  places,  JHSt  as  they  aurmouot 
in  others ;  and  4hat,  from  these  also,  veins 
to  the  surface,  or  m  other  dinections. 
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A  more  particular  account  of  isuch  yeim  w  gi?en 
in  the  seventh  chapter.  The  other  interestiiig 
circumstances  which  attend  these  veins,  most  be 
referred  to  a  geological  history  of  these  rocks; 
and  it  is  only  further  necessary  to  add,  that  the 
Western  Islands  of  Scotland  present,  in  a  very  dis- 
tinct and  accessible  form,  every  circumstance  re- 
.quisife  for  the  illustration  of  that  history. 

The  rocks  of  this  family  present  many  reBMrk* 
able  varieties  of  structure,  of  which  the  geoeml 
details  have  already  been  given  in  the  chapter  00 
that  subject.  A  few  more  particulars  are  here 
necessary,  as  they  form  a  very  impprtant  part  cS 
the  history  of  these  rocks,  and  are,  in  a  fiaw 
instances,  suchj^  as,  when  combined  with  ibe 
mineral  characters,  to  lead  to  dangerous  errors  in 
geological  investigation. 

.  They  often  resemble  granite  in  this  respect, 
being  disposed  in  large  beds,  either  stmigbtor 
curved,  and  divisible  into  prismatic  and  cuboidal 
masses.  When  these  have  been  rounded  by  ii^ 
weather,  the  rocks  ai*e  not  distinguishable  byfte 
eye  from  granite ;  and  the  deception  it  oAm 
much  increased  by  simitority  of  roinanal  duffBOr 
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tar*  This  modification  of  rtructure  is  not  peeu- 
liar  to  those  TarietieB  wbidi  seem  among  the  morp 
antient,  Much  as  hyperatheoe  rock,  in  which  it  is 
yery  conspicuous ;  as  it  occurs  in  the  Con^r- 
pbine  hills  near  Edinburgh,  in  a  formation  which 
lies  above  the  coal  strata. 

The  next,  and  by  far  the  most  remarkable 
variety  of  structure,  is  the  prismatic.  The  fir^^t 
teaflkncy  to  this,  is  seen  in  a  vertical  mode  of 
ftactnre  assumed  by  the  exposed  edges  of  these 
rocks,  which  at  length  becomes  more  decidedly 
prismatic,  and  ultimately  columnar.  When 
the  mass  possesses  a  parallel  disposition,  and  is 
at  the  same  time  horizontal,  while  the  prisois  are 
at  right  angles  to  it,  the  well-known  effect  of 
arobitectural  regularit},  so  conspicuous  in  Stafia, 
IS  produced. 

This  columnar  structure,  however  regular  it 
nmy  be  in  a  particular  place,  somietimes  vanities 
in  the  same  mass,  either  laterally,  according  to 
^,  repetition  of  the  priams,  or  vertically ;  any 
individual  column,  or  group,  being  found  to  be- 
eome  iosperceptibly  amorphous.  In  other  cases> 
t  is  IomkI  that  cohimns  ai*e  irregularly  dispersed 
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in  various  direetiona  through  an  aDMnrpfaoUB 
of  which  the  upper  part  of  Staffk  al»o  preaente  a 
good  example.  In  a  aimilar  manner^  a  solid  rode 
19  Bometimea  merely  aplit  at  it»  aurfece  iirto 
short  prismatic  divitaons ;  but  thia  modification 
is  comparatively  very  rare. 

if  the  mass  is  inclined,  or  not  horizontal^  the 
prisms  nhich  are  at  right  angles  to  it,  can  no 
longer  he  vertical,  and  thus,  in  vertical  vtim^ 
they  are  sometimes  Itorizontal.  But  columsa  art 
not  necessarily  at  right  angles  to  the  parallel 
masses ;  since,  in  various  places^  aud  coaapiicn^ 
ously  in  Stafia,  they  lie  in  several  irrfgutar  pn)!* 
aitions  in  the  same  bed,  even  where  in  eootoot 
with  each  other. 

Prisms  thus  irr^i^larly  placed,  aonMtiiaeajift* 
terfere  with  each  other  so  as  to  lose  tMr  r^go- 
kurity.  This  happens  in  such  a  natiattr  inOmna, 
^aft  they  bear  a  general  resemblance  to  thut  S^ 
miliar  object,  a  peat*stack ;  while,  in  edbar  plaeei^ 
they  present  other  nodtfications  of  mpfgalar«l[f 
oh  which  it  is  wmeceaaary  to  dilate  ibi  ^viaiBS 
allBM),  they  are  not  necessarily  trawvenaeto  Ikt 
walls;  rinoe,  in  Rntki and  Cantyve,  iheyMcww 
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a  ffertdM  poiftioi] ;  beinc^  Tertical  in  ibe  fomm^ 
anil  Iv^nzontat  in  the  latter,  in  reins  dial 
^tlienise!ve«4  vertical. 

In  almoal  every  instance,  the  adjoining  prisms 
aw  in  eontaet,  without  any  intervening  substance 
or  interval.  In  one  case  alone,  which  occurs  in 
ikim,  the  prisms  which  are  found  on  the  surface 
of  a  large  spheroidal  mass,  are  separated  by  eon« 
siderable  intervals,  which  contract  in  the  progness 
downwards  till  the  parts  touch. 

In  many  remaricable  examples,  the  prisms,  or 
coliMiins,  even  ibr  a  coaiid«*able  length,  are 
straight,  or  nearly  so.  In  others  they  are  sligMy 
iaeurvated,  and,  in  a  few  rare  cases,  as  in  Staflk, 
lliey  are  much  bent,  and  often,  at  the  same  tifaie, 
in  Tarious  drrections. 

The  (brms  of  <he  columns  difler;  and  the 
Mimber  of  the  sides,  where  they  are  most  regular, 
vary  from  three  to  twelve ;  but  they  are  more 
Aeqoently  of  four,  five,  six,  and  seven ;  thesft 
being  intermixed  in  such  a  manner,  as  to  pm^ 
dace  the  absolute  contact  of  the  whole.  Those 
tides  are  not  idways  neceMrily  straight ;  but  avt 
oeeaittOtfridly  eurved.     In  Me,  «|ic!f  harve  btte 
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found  to  difier  Hiaterially ;.  the  breadth  var^iog 
from  an  inch  to  nine  feet,  and  the  length,  from  a 
foot  to  three  hundred  or  more. 

The  columns  are  som^in^  continuous  for  a 
considerable  space.  At  others,  they  are  obliqiiely 
and  irregularly  divided  by  6flsiires  or  joints; 
and,  in  some  remarkd>le  examples,  by  transverse 
ones  of  various  character.  In  all  cases,  the  dis- 
tances of  these  vary  materially;  the  divisions 
being,  in  some  places,  so  accumulated  as  to  scipa- 
rate  the  column  into  numerous  parts,  and,  in 
others,  occurring  irregularly  only  after  long  int^- 
vals.  The  forms  of  the  proximate  surfaces  are 
either  irregular,  or  flat ;  or  concave  aod  convex ; 
and,  in  some  rare  cases,  a  process  arises  from,  the 
angle  of  each  inferior  portion,  so  as.  to  cover  a 
corresponding  deficiency  in  the  superior. 

It  only  remains  to  observe,  with  regard  to  the 
columnar  structure,  that  it  occurs  in  mauy  mem- 
bers of  this  family.  It  is  found  in  basalt,  notedly, 
but  not  exclusively ;  as  it  exists  in  syenite  and 
daystone,  in  Ailsa,  Rum,  and  Arran,  in  augit 
rock,  in  Sky,  in  porphyry  in  Arran  and  else- 
where) and  in  greenstone  in  varioua  situatioDs. 
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The  nemt  variety  of  stractore  ta  be  noticed, 
k  the  lamiDar.  This  appears  to  be  sdmetima 
mdependent  of  the  action  of  the  atmoaph^e;  at 
others,  it  is  obviously  prodaoed  by  that  cause. 
The  lamime  vary  in  dimensioDS,  being  sometimes 
so  thin  as  to  resemble  those  of  argillaceous  schist^ 
and  having  tfim  given  rise  to  the  improper  term 
of  porphyry  slate.  This  structure  occurs  botii  in 
masses  and  veins,  and  in  all  the  varieties  of  these 
rocks,  k  is  also  sometimes  combined  with  the 
columnar  form,  and,  in  this  case,  the  lamiiate 
kre  sometimes  parallel  to  the  column,  at  otheris 
transverse.  In  most  of  these  rocks  in  which  it  is 
fouiid,  namely,  in  the  clir^tones,  basalt,  and  the 
porphyries,  it  is  independent  of  the  disposition 
of  die  int^frant  parts ;  but,  in  hypersthene  rook, 
it  depends  on  the  disposition  of  the  crystals  of 
the  characteristic  minend,  and  the  structure  thus 
resembles  that  of  gneiss,  being  foliated,  strictly 
speaking. 

A  minute  spheroidal  structure,  sometines 
also  occurs  in  these  rocks.  It  is  very  conspi- 
cuous in  the  rock  of  the  Shiant  Isles,  but  does 
not  appear  commbn.     The  spheiiiles  are  not 
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pqNnfale  l^  wMUtfaermg,  as  tliey  ara  ia  the  9^ 
etom  schists  of  this  charactar. 

Besides  these  obvious  modifications,  the  vockn 
of  this  tunily  mmetiDses  give  iodlcalicuis  of  a 
particular  iptemal  structure,  by  dtK^Qiiipositi^o. 
Tlmsthey  put  on  a  sconform  or  a  spicular  appear* 
anoe,  or  are  proyied  to  contain  voins  of  a  harder 
materia^  which  am  not  visible  in  the  fresh  rocjc*^ 
They  frequentiy  also  decompose  by  a  succesfive 
eafoliation  into  spheroidal  forma,  of  which  no 
tadieations  were  present ;  and  it  is  not  uncomfnoa 
for  the  portions  of  jointed  columns,  to  waste  ip 
tiiis  manner.    In  this  latter  case,  it  mfaof  remi^ 
a  doubt  whelher,  m  in  the  artificial  q^npos  of 
granite  formtf  ly  mentiooedt  the  eifect  is  qot  ppx>- 
dmied  merely  fyf  the  actioi^  of  the  %if<^aliber ;  h«t 
in  amne,  where  this  cause  oamftot  have  acted,  in 
Ais  manlier,  it  must  necessarily  be  the  result  of 
an  internal  concretjonary  arrangement. 

On  the  subject  of  decomposition,  it  is  lastly 
prap^  to  remaric,  that  «ome  of  the  mh^  solid 
^irieties,  such  as  those  which  have  a  hose  of  in- 
fihnrated  claystone,  or  <^i]dcstonei  are  som^iaiea 
dHm^ed,  milbm4  disial^;niti(W»  to  so  jpoeal  a 
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dcpdi  M  to  coratate  tbe  soft  daystonte,  and  tiifii 
to  mbiead  an  obeerter  reapectiug  their  true  cfaa-* 


The  raifmler  stnietiirei  are,  the  small  caTem- 
the  amygdalotdal,  and  the  porphyritic ;  and, 
on  HieK  two  latter,  no  remarks  are  necessary, 
except  to  observe  that  they  may  be  combined  in 
the  same  rock.  But  the  former  is  worthy  of  paN 
tirmlar  notice,  on  account  of  the  exact  resem* 
bkince  which  it  bears  to  that  which  occurs  in  the 
aeortform  hiras ;  the  cells  being*  ofken  elongated, 
or  contorted,  and  gla2ed  by  a  ritreous  vamisb, 
while  they  are  also  sometimes  partially  filled 
with  the  substances  that  enter  into  the  amygda^ 
loids.  Thus  the  cavernous  passes  into  the 
amygdaloidal  structure,  and  it  is  also  sometimes 
found  united  to  the  porfriiyritic. 

So  many  rocks,  of  different  character  and 
composition,  are  contained  in  this  family,  that 
Db  general  remarki  on  their  texture  and  compo- 
sition can  be  oflbred ;  while  the  confusion  which 
btf  hitherto  reigned  among  them,  renders  it 
mottsarf  to  eater  i»lo  details  mticli  more  Minute 
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than  have  yet  been  recjpiired  in  treating  of  any  of 
tbe  preceding*  These  will  be  found,  either  in 
the  following  remarks  or  in  the  Synopsis,  as  ap* 
pears  most  conyenient  for  eliieidating  the  subject. 
It  must  here  however  be  obseryed,  that  jtbe 
terms  already  in  use  for  distinguishing  the  several 
species,  (or  varieties,)  are  neither  sufficiently^ 
numerous, nor  very  accurately  limited.  To  have 
changed  the  application  of  these,  wouW  have 
been  to  depart  from  the  general  principlesalready 
laid  down.  Two  new  terms  have  however  been 
adopted,  tliose  of  Hypersthene  rock,  and  Augit 
rock ;  these  compounds  having  been  hitherto 
undescribed,  and  it  being  absolutely  necesftairy  to 
distinguish  them  from  the  gi*eenstones  containing 
hornblende  which  they  so  mach  resemble.  .  Tlie 
term  M'ack^  has  also  been  admitted;  but  with 
some  hesitation  ;  partly  because  it  did  not  appear 
very  necessary,  and  partly  because  it  has  been  so 
oitben  misapplied  as  to  be  nearly  uninteUi§[ible. 
The  names  adopted  therefore,  in  add-on  to 
these  three,  are  claystone,  indurated  daystone^ 
clinkstone,  compact  felspar,  basalt,  greenstone, 
syenite,  porphyry,  amygdaloid,  and  tuff.    Trap 
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18  only  used  as  a  general  term,  and  in  a  geologiciki 
sense  ;  having  commonly  been  applied  in  so 
vague  a  manner,  to  all  the  rocks  of  a  dark  colour 
which  are  not  porphyry,  basalt,  or  decided  green- 
stone, as  to  have  ceased  to  form  any  distinction, 
and  having  indeed  become  a  source  of  confusion. 
To  distinguish  two  varieties  of  claystone,  is  per- 
haps an  unnecessary  refinement;  but  it  is  dot 
prod  active  of  any  inconvenience. 

Characters  derived  from  colour  alone,  have 
been  uniformly  rejected ;  and  it  will  be  found, 
that  a  dependance  on  this  vague  criterion,  has 
hitherto  formed  a  principal  soui*ce  of  confusion 
in  describing  these  rocks.  It  is,  in  itself,  an  ex- 
tremely variable  circumstance  in  every  rock,  and 
in  none  more  tlian  these ;  in  which  it  often  differa^ 
in  substances  in  other  respects  identical.  Un- 
questionably, it  depends  on  diflSsrences  of  chemi- 
cal composition  ;  but  as  it  is  not  considered  as  a 
permanent  distinction  by  the  best  informed  mi- 
neralogists, it  merito  no  considemtion  hei^.  The 
habitual  neglect  of  a  mark  so  variitble  and*  so 
empirical,    will  Ceach  the  student  to  turn  bis 
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atttention  to  drfl^ences  of  a  more  eodstant  aud 
eMential  nature* 

Another  source  of  confusion  has  ariaea  froni 
dwelUng*  too  strongly  on  peculiarities  of  struc- 
ture as  essential  distinctions ;  it  being  a  commoii 
practice  with  collectors  of  specimens,  to  reject 
tho»e  of  which  the  characters  are  not  very  de- 
cided ;  although  these  are  often  the  most  im- 
portant, as  marking  the  transitions  which  occur 
in  nature.  Thus  the  porphyries  have  been  im- 
pipoperiy  separated  from  the  simple  rocks  which 
form  their  bases,  although  the  transition  to  the 
porphyritic  structure  is  imperceptible.  An  at-* 
tempt  has  been  made  to  remedy  these  defects  by 
adopting  an  arrangement  more  consonant  tv 
nature;  but  it  is  unnecessary  to  explain  it  in 
these  preliminary  remarks,  as  the  reasons  may  be 
deduced  from  an  examination  of  the  Synopsis. 

The  predominant  substance  in  the  members  of 
this  family  is  a  simple  rock ;  of  which,  indurated 
flay  or  wack^,  may  be  phiced  at  one  extreme, 
and  coifipact  felspar  at  the  other;  the  interme^ 
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diate  member  being  claystone,  and  clinkstone. 
In  some  cases,    it  forms  the  whole  mass  ;    in 
others,  it  is  mixed  with  other  minerals,  in  various 
proportions  and  in  various  manners ;  thus  pro- 
ducing great  diversities  of  aspect,  without  any 
material  variations  of  die  fnndamental  character. 
As  we  are  but  very  imperfectly  acquainted  with 
the  chemical  composition  of  the  simple  rocks,  it 
is  not  at  present  possible  to  determine,  whether 
the  gradations  here  supposed,  be  legitimate ;  and 
whether,  under  varying  proportions,  and  under 
various  states  of  induration,  there  is  a  real  transi* 
tion  between  clay  and  compact  felspar.      The 
present  arrangement  is  founded  merely  on  the 
apparent  transitions  between  the  two,  as  they  are 
found  in  Nature ;  all  the  several  substances  oc- 
curring together  in  the  same  geological  series, 
often  in  the  very  same  mass,  and  passing  into 
each  other  without  defineable  limits. 

It  was  formerly  observed,  that  the  term  com- 
pact felspar,  used  here,  as  well  as  to  denote  a 
member  of  the  primary  strata,  was  injudiciously 
chosen.  Chemical  analyses  have  shown,  thai 
soda  is  an  ingredient  in  many  greenstones  and 
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basalts ;  and  as  it  is  not  found  in  hornblende  or 
augit,  it  is  necessarily  derived  from  the  other 
constituents  of  these,  the  compact  felspar,  or  the 
clinkstone,  in  which  latter  it  has  also  been  shown 
to  exist.  In  repeating  these  experiments  on 
some  of  these  rocks  which  appear  to  contain 
compact  felspar,  they  have  sometimes  been  found 
to  yield  soda  only,  at  others,  both  that  alkali  and 
potash,  like  the  compact  felspar  of  the  primary 
strata.  It  is  not  impossible  therefore,  that  there 
may  be  two  distinct  substances  confounded  under 
the  term  compact  felspar ;  unless  the  existence  of 
soda  alone  is,  in  these  cases,  held  sufficient  to 
prove  the  presence  of  clinkstone,  and  to  form  the 
real  distinction  between  this  rock  and  compact 
felspar.  If  any  alteration  in  this  respect  shall  be 
required,  it  must  be  reserved  till  a  more  extensive 
analysis  of  these  rocks  shall  be  instituted ;  and  a 
more  complete  arrangement  may  then  be  made, 
to  supersede  that  which  is  here  attempted. 

These  simple  rocks,  therefore,  must  be  con- 
sidered as  those  which  are  peculiarly  essential  to 
the  membei*s  of  the  trap  family ;  as  it  will  here- 
after be  seen  that  there  are  not  many  in  which 
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one  or  other  of  them  is  not  found.  It  »  next 
requisite  to  consider  those  minerals,  which,  from 
their  less  frequent  presence,  most  be  r^arded  as 
leas  essential. 

Of  these,  hornblende  is  perhaps  the  most 
common*  It  appears  very  constant  in  its  colours 
and  general  characters ;  the  only  perceptible  dif- 
ference consisting  in  its  proportion  and  in  the 
magnitude  of  the  crystals.  In  the  syenites  it 
forms  but  a  small  proportion  of  the  mass,  and  is 
sometimes  crystallized  in  a  tolerably  distinct- 
manner.  In  tlie  greenstones,  it  is  commonly 
more  minute  and  more  confused  ;  and  when, 
in  these  cases,  it  becomes  excessive  and  very 
finely  divided,  it  causes  them  to  pass  into  ba- 
salt ;  a  rock  concerning  which  there  arc  fre- 
quent differences  of  opinion,  but  which  is  inca- 
pable of  rigid  limitation,  since,  even  under  this 
composition,  it  is  but  the  last  of  a  regularly 
graduating  series.  Where  the  hornblende  is 
most  abundant  and  most  minutely  divided,  the 
basalt  is  most  perfectly  characterized ;  but  great 
differences  of  aspect  follow  from  variations,  not 
only  in  this  ingredient,  but  in  the  colour  alid 
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hardness  of  the  clinkstone,  or  compact  felspar, 
with  which  it  is  united.  In  such  cases,  where 
the  base  is  of  a  very  dark  colour,  and  the  pro- 
portion of  the  hornblende  but  small,  the  character 
pf  the  rock  becomes  doubtful,  and  it  may  even 
pass  into  compact  felspar,  or  rather  into  clink- 
stone. In  this  way,  very  dark  clinkstones  are 
frequently  known  by  the  name  of  basalt ;  and  it 
will  accordingly  be  found,  on  examining  many  of 
the  masses  and  veins  in  Scotland  usually  desig- 
nated by  this  term,  that  they  ought  rather  to  be  re- 
ferred to  the  former  substance.  Hence  the  great 
(Jiversity  in  the  basalts  of  different  authors;  if 
we  even  exclude  those  which,  like  hornblende 
rock  and  Lydian  stone,  have  been  improperly 
ranked  under  this  title. 

From  the  presence  of  hornblende  therefore, 
are  derived  three  of  the  most  leading  members 
of  the  trap  family,  basalt,  greenstone,  and  syenite; 
although  it  does  not  seem  possible  to  give  any 
marks  by  which  the  two  latter  substances  shall 
always  be  effectually  distinguished  ;  since,  in 
each,  the  basis  of  claystone,  clinkstone,  or  com- 
pact felspar,  is  united  to  crystals  of  hornblende. 
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while,  in. both,  a  stiiiilar  structure  prevails.  The 
preseut  distinctions,  as  already  observed,  seem  to 
be  r^ulated  chiefly  by  colour;  those  rocks  in 
which  the  three  substances  above-mentioned  are 
of  a  pale  whitish,  yellowish,  or  reddish  hue, 
being  ranked  as  syenite ;  and  those  where  they 
are  grey,  greenish,  or  generally  of  a  dark  colour, 
as  greenstone.  A  better  distinction  appears  to 
consist  in  the  predominance,  or  otherwise,  of 
those  substances ;  the  rocks  in  which  they  exceed, 
being  classed  with  the  former,  and  those  in  which 
the  hornblende  is  equally  intermixed,  or  predo- 
minant, with  the  latter.  By  duly  considering 
these  characters,  it  will  generally  be  easy  to  des- 
cribe an  individual  rock  without  much  hazard  of 
misapprehension ;  although  cases  will  often  oc- 
cur, where  it  will  be  impossible  to  determine  to 
which  of  the  two  the  substance  in  question  ought 
to  be  referred.  It  mav  be  added  to  this  account 
of  hornblende  as  an  ingredient  of  these  rocks, 
that  it  is  frequently  found  in  the  older  porphy- 
ries ;  occurring,  in  these,  generally  in  the  shape  of 
imbedded  crystals,  but  sometimes  so  abundantly 
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as  to  form,  with  the  leading  ingredient,  a  com- 
pound or  syenitic  base. 

The  next  mineral  which  forms  an  irrgredient 
in  these  rocks  is  augit,  which,  under  different  as- 
pects, is  of  very  common  occurrence;  much 
more  so  than  has  been  imagined,  since  it  has,  as 
I  have  already  remarked,  been  frequently  mis- 
taken for  hornblende.  It  presents  two  varieties 
of  colour,  dark  green  and  black ;  the  latter  beiog 
die  most  common  and  the  most  difficult  to  recog- 
nize :  the  former  can  scarcely  be  mistaken.  In 
many  cases,  the  crystals,  though  indefinite,  are 
so  large,  that  there  is  no  difficulty  in  determin- 
ing the  presence  of  the  mineral  ;  when  very 
minute,  that  difficulty  increases ;  although,  with 
due  attention,  it  is  generally  possible  to  make  the 
distinction.  Like  hornblende,  it  is  found,  in  the 
rocks  where  it  enters,  combined  with  different 
kinds,  both  of  common  and  of  compact  felspar; 
and  it  is  most  obscure  whenever  it  is  accompa- 
nied with  the  greenish  or  dark  compact  varieties. 
In  Rum,  it  is  united  to  the  glassy  variety  ;  and 
the  distinction  is  in  this  case  easily  made,  as 
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it  is  generally  of  a  green  colour.  At  times  it  pre- 
dominates so  as  almost  to  exclude  the  other  ingre- 
dient. In  certain  cases,  it  is,  like  hornblende, 
sparrngty  dispersed  throughout  the  rock,  the  clink- 
stone or  compact  felspar  predominating  ;  and,  in 
these  examples,  the  mixture  resembles  the  sye- 
nites, as  already  remarked :  in  othei*s,  it  becomes 
so  minutely  subdivided,  and  the  rock  puts  on  an 
aspect  so  nearly  homogeneous,  that  it  can  scarcely, 
if  at  all,  be  distinguished  from  basalt.  This  com- 
pound is  here  only  distinguished  by  the  general 
term  of  augit  rock,  but  it  may  be  a  question  whe- 
ther it  would  not  be  convenient  to  adopt  terms  ap- 
plicable to  its  several  varieties,  so  as  to  correspond 
to  the  three  analogous  rocks  into  which  hornblende 
enters.  In  this  case  an  adjective  term  might  be 
employed  with  less  inconvenience,  and  with  a 
slighter  change  of  nomenclature  than  a  new  name ; 
and  we  should  then  have  augitic  greenstone, 
augitic  syenite,  and  augitic  basalt.  But  this  is  a 
subject  for  the  consideration  of  mineralogists. 

The  next  mineral  occupying  a  place  analo- 
gous t6  that  of  hornblende,  is  hypersthene.  The 
eircomstances  under  which  it  is  found,  are  so 
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analogous  to  those  just  described,  that  it  is  un- 
necessary to  repeat  them.  In  certain  titates  of 
minute  admixture,  it  is,  like  augit,  so  easily  con- 
founded with  hornblende,  that  we  have  still  to 
learn  whether  hypersthene  rock  is  not  of  more 
common  occurrence  than  has  yet  been  sup- 
posed. Hitherto  it  has  occurred  only  in  my 
researches^  and  has  been  found  in  Sky  and 
Airdnamurchan. 

Another  ingredient  in  the  rocks  of  the  trap 
ihmily  is  common  felspar;  and  it  is  most  re- 
markable in  the  porphyritic  division,  on  which  it 
confers  the  distinguishing  character.  But  it  oc- 
curs also  in  the  syenites,  and  even  in  the  gre^ 
stones,  without  communicating  to  them  the  por^ 
phyritic  structure.  The  structure  of  the  rocks 
is,  in  these  cases,  granitic,  and  the  felspar  is  dis- 
tinguished from  the  compact  sort,  by  its  confosed 
crystalline  texture.  In  the  same  way,  it  occun 
with  augit  and  with  hypersthene.  Thus  there  are 
two  subdivisions  of  all  these  rocks ;  the  one  set 
containing  the  compact  and  the  other  the  crystal- 
lized or  common  felspar  ;  the  external  characters 
of  each  being  strongly  distinguished.     This  is 
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most  remarkable  in  the  caseof  syenite ;  since  it  is 
only  where  the  latter  kind  of  felspar  enters  into 
the  composition,  that  the  rock  presents  the 
pseudo-granitic  aspect :  where  it  is  formed  df 
concipact  felspar  and  hornblende,  as  in  the  rock 
of  Ailsa,  it  possesses  no  resemblance  to  granite. 

The  glassy  variety  of  felspar  is  also  found, 
though  more  rarely,  entering  into  the  compo- 
sition of  these  rocks ;  in  some  cases  it  forms  the 
porphyritic  imbedded  crystal ;  in  others,  but 
more  rarely,  it  occupies  the  place  of  common 
felspar  in  the  compounds  of  granitic  structure. 
In  this  latter  way  it  occurs  in  the  augit  rock  of 
RiUB  and  in  the  by  persthene  rock  of  Sky. 

It  is  still  necessary  to  enun^erate  a  few  mine-, 
nfe  which,  though  fiu-  less  frequent  ingredients 
ki  the  rocks  of  the  ti'ap  family,  and  therefore  less 
essential,  sometimes  enter  into  their  compositicHi 
as  integrant  parts ;  often  producing  considerable 
cmiftision  in  their  characters. 

The  first  of  these  is  mica.  This  occurs  in 
the  greenstones  and  in  the  porphyries,  butsMflt 
rapely  iii  the  former.     It  is  a  more  important  cir- 
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cumstance  when  it  is  found  in  the  syenites,  as  it 
is  in  Sky :  on  account  of  the  resemblance  which 
they  then  put  on  to  die  granites;  a  circumstance 
already  noticed  under  the  head  of  granite.  To 
distinguish  these  two  cases,  a  rigid  geolc^ical 
examination  is  necessary ;  but  the  important 
views  which  this  resemblance  involves,  is  a  sub- 
ject for  geological  discussion.  Mica  occasionidly 
occurs  in  the  claystones  also,  examples  of  which 
are  found  in  the  schistose  isles  of  the  Argy  shire 
coast. 

Quartz  also,  is  found  in  the  greenstones,  as 
well  as  in  the  syenites ;  being  intimately  mixed 
with  the  other  ingredients,  as  it  is  in  granite, 
and,  adding  much  to  the  difficulty  of  distin- 
guishing them  from  some  varieties  of  that  rock, 
without  having  recourse  to  their  geologicid  coa- 
nections.  Where  it  is  accompanied  by  mica,  as 
in  the  rock  of  Sky  above  mentioned,  the  resem* 
blance  between  the  two  is  perfect.  OUvin  is 
most  fr^uently  found  in  the  situation  of  an 
imbedded  mineral,  like  the  zeolites ;  but  it  also 
occasionally  forms  an  integrant  part  of  the  mixed 
structure.    Very  rarely,  mesotype,  prehnite^  stil- 
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bite,  epidote,  and  calcareous  spar,  occur  as  con* 
i^tuetit  parts  of  the  trap  rocks ;  most  commonly, 
they  must  be  considered  as  accidental  and  foreign 
ingredients,  occurring  in  the  amygdaloids,  or 
supra-compounded  varieties. 

The  various  minerals  that  appertain  to  the 
supra-compounded  division  of  these  rocks,  and 
those  which  occur  in  other  modes  inibedded  in 
them,  will  be  enumerated  in  the  Synopsis,  and 
require  no  particular  notice  here ;  they  must  be 
considered  as  accidental  substances  in  their  na- 
tural repositories,  and  they  produce  in  the  former 
case,  a  subdivision  of  varieties  subsidiary  to  those 
which  arise  from  the  different  characters  of  the 
the  base  in  which  they  exist.  The  bases  them- 
selves vary,  in  these  cases,  as  they  do  in  the 
simpler  ones  formerly  enumerated  ;  although 
wack^,  and  the  claystones,  under  different  degrees 
of  induration,  are  by  far  the  most  common. 

Such  is  a  general  sketch  of  the  nature  of  the 
trap  rocks  as  far  as  my  observations  have  per- 
mitted  me  to  delineate  it,  and  on  this  foundation 
is  constructed  the  synoptical  table  that  follows. 
It  is  confessedly  imperfect,  but  it  will  have  per- 
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formed  all  that  is  expected  if  it  shall  hereafter 
facilitate  a  more  perfect  arrangement  of  the  sub- 
stances which  it  includes.  That  the  attempt  is 
new,  and  that  the  most  indescribeable  confusion 
has  hitherto  reigned  among  these  rocks,  will 
form  an  apology,  not  only  for  the  imperfections 
of  this  arrangement,  but  for  the  great  length  of 
the  following  catalogue.  The  minuteness  of 
detail  which  it  was  thought  necessary  to  adopt, 
may  possibly  be  dispensed  with  whenever  these 
rocks  shall  become  more  generally  understood. 


SYNOPSIS  OF  THE  OVERLYING  ROCKS. 

FIRST  DIVISION. 

Simple:  or  apparently  simple. 

.  A.  Wacke :  of  the  Germans.  Resembles  indiH 
rated  clay,  with  an  even  and  smooth  earthy,  or  an  uih 
even  somewhat  granular  fracture,  and  a  shining  streak. 

a.  Compact* 

b.  Cellul^ar:  but  generally,  in  that  case, 

partly  amygdaloidal,  and  appertain- 
ing to  another  division. 
B.    Indurated  clay :  more  or  less  hard :  with  wi 
earthy  and  dull  fracture.      Much  more  common  in- 
Scotland  than  the  preceding, 
a.    Compact 
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This  must  not  be  confounded  with  the  ferru- 
ginous clays  which  are  often  found  among  the 
trap  rocks,  and  which  pass  into  jasper, 
b.     Cellular* 

Like  Var.  A,  b,  it  is  rarely  cellular  in  large 

masses,    without  also    containing  amygdaloidal 

nodules  ;  when  it  ranks  under  another  division. 

The  colours  of  this  variety  are,  either  ash  colour, 

or  grey  of  different  hues,  or  modifications  of  red, 

or  browns,  or  purplish  black. 

C.  Claystone.  The  fracture  is  dull  and  earthy, 
and  may  be  smooth  and  even,  or  rough  and  somevrhat 
granular,  or  imperfectly  splinfery,  or  conchoidal.  It 
differs  from  the  preceding  substances  in  hardness ;  but, 
as  IB  many  other  cases,  it  is  scarcely  possible  to  convey 
an  idea  of  such  distinctions  by  any  mode  of  definition. 
Claystone,  independently  of  its  geological  differences, 
is  distinguishable  from  argillaceous  schist,  by  the  ab- 
sence of  the  schistose  structure. 

a.  Massive,  irregular. 

b.  Prismatic,  or  columnar. 

c.  Laminar. 

d.  Cellular. 

The  laminar  structure  is  scarcely  to  be  detect- 
ed, except  on  the  surface,  and  after  exposure  to 
weather.  It  is  sometimes  combined  with  the  pris- 
matic configuration.     It  cannot  be  confounded. 
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without  great  n^ligence,  tvith  the  schistefe 
structure  of  argillaceous  slate. 

The  colours  of  clay  stone  are  various ;  as,  pale 
greyish,  or  muddy  'whfte,  or  ochre  yellow  of 
Ti^rious  intensity,  or  flesh  colour,  or  purplish,  or 
various  tints  of  grey,  from  smpke  coloured  to 
dark  lead-grey,  or  nearly  black. 

This  variety  occurs  in  veins,  but  rarely :  it  is 
more  common  in  mountain  masses. 

D.  Indurated  claystone.  Harder  than  the  for- 
mer, and  distinguished  by  the  superior  lustre  aod 
acoteness  of  the  fractures,  which  are  also,  granular, 
splintery,  or  conchoidaK  It  is  here  separated,  rather 
on  account  of  its  geological  importance,  than  of  it^ 
mineralogical  distinctness.  It  is  among  the  most  oooh 
mon  and  extensive  of  the  trap  rocks  in  Scotland. 

a.  Massive,  irregular. 

b.  Prismatic,  or  columnar. 

c.  Laminar  tinder  the  same  circumstance* 

as  C.  c. 

The  very  dark  varieties,  particularly  when 
found  in  veins,  or  in  a  prismatic  form,  are  some- 
times called  by  the  name  of  basalt,  and  may  he 
con^dered  as  at  present  forming  one  of  tbe 
varieties  generally  ranked  under  this  indefioi^ 
and  popular  term.     It  occurs,  like  the  former* 
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both  in  TeiDS  and  in  iBountain  masBes.  It  is 
frequent  in  the  fornf^r  shape,  and  is  even  some^ 
times  thus  found  accompanying  the  apparently 
antient  porphyries  that  traverse  granite. 

The  colours  are  similar  to  those  of  the  pre^ 
ceding  variety.  Specimens^  of  which  the  colours 
are'  briUiant,  sometimes  pass  by  the  name  of 
jasper,  to  which  they  approximate. 

£.  Clinkstone.  This  is  still  harder  than  the  last 
variety,  and  is  not  easily  scratched  by  the  knife.  The 
fracture  is  also  more  perfectly  splintery  and  conchoidal ; 
occasionally  somewhat  granular,  while  the  lustre  is  more 
considerable,  and  the  fragments  are  slightly  translu- 
cent  on  the  edges.  It  is  considerably  sonorous  when 
struck,  but  n6t  so  as  to  be  distinguished  by  this  cnr- 
cumstance  from  many  other  rocks  of  the  trap  family. 
Its  mineral  definition  was  formerly  given. 

a.  Massive. 

b.  Columnar,  or  prismatic. 

c.  Laminar. 

The  dark  varieties  of  b  have  also,  like  the 
former,  been  enumerated  among  the  basalts. 
The  same  remarks  as  in  the  two  preceding  cases, 
may  be  made  on  var.  c. 

It  is  also  found  in  similar  geological  situations, 
and  the  colours  are  equally  various.  It  fre- 
quently acquires  an  arenaceous  aspect  on  the  sur- 
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face  after  exposure  to  the  weather  ;  so  as  even  to 
have  been  confounded  with  sandstone  by  incau- 
tious observers. 

As  these  substances  C,  D,  E,  pass  into  each 
other  by  insensible  gradations,  it  is  not  always 
possible  decidedly  to  refer  a  specimen  to  either. 
This  is  irremediable,  but  it  does  not  destroy  the 
utility  of  the  preceding  distinctions. 

F.  Compact  feUpar  ;  including  the  bomstone  of 
some  mineralogists.  This  is  distinguished  from  the 
last  substance,  to  which  it  is  nearly  allied,  by  its  supe- 
rior hardness,  compactness,  and  lustre.  The  edges  of 
the  fragments  are  also  more  decidedly  translucent.  A 
fuller  description  was  fonnerly  given. 

a.  Imperfectly  laminar. 

b.  Massive,  with  a  srapotb,  splintery^  and 

conchoidal  fracture. 

c.  Crystalline-granular. 

This  substance  var.  a,  b,  occurs  occasionally 
in  veins  in  a  simple  state,  but  is  more  frequently 
slightly  porphyritio  in  some  part  of  its  course,  i 
know  not  that  it  is  found  in  mountain  masses  or 
beds  among  the  trap  rocks  of  secondary  origin. 

Var.  c  appears  under  many  diiferent  aspects, 
in  consequence  of  the  Tarying  fineness  of  its 
texture.    |t  occurs  among  the  secondary  traps. 
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iKith  in  veins  and  in  masses.  In  some  casein,  it 
contains  crystals  (or  grains)  of  two  colours,  as 
white  with  dark  lead  blue,  or  gieyish  green  with 
bkekish  green  or  lead  blue,  and  has  then  been 
confounded  with  the  greenstones.  This  might  be 
called  a  pseudo-greenstone.  In  other  cases  it 
presents ,  various  simple  tints,  like  the  preceding 
varieties.  It  seems  doubtinl  whether  this  variety 
does  not  sometimes  consist  of  an  aggregation  of 
common  instead  of  compact  felspar. 

Fawn  and  cinnamon  colours  are  found  in  var, 
a,  b ;  but  they  also  occur  of  a  brick  red  hue,  of 
a  muddy  white,  and  of  every  possible  tint  of 
grey  down  to  nearly  black.  There  seems  to  be  a 
gradation  from  clinkstone  to  compact  felspar,  as 
there  is  between  the  varieties  C,  D,  E. 
•  The  simple  compact  felspars  pass  into  por- 
phyry so  commonly,  that  it  is  not  easy  to  find  an 
extensive  mass  absolutely  free  from  imbedded 
crystals.  Hence  a  specimen  is  not  a  criterion  of 
the  nature  of  an  extensive  rock. 

A  similar  remark  may  be  made,  genemlly,  on 
the  four  varieties  C,  D,  E,  F ;  which,  although 
simple  in  one  place,  may  beporphyritic  or  amyg- 
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cjaloidal  in  another.  Where  Nature  is  indefiiiitie, 
the  j^udent  must  not  be  disappointed  if  he  ca»- 
qot  frame  or  fiinl  a  definite  artificial  arrangement. 
It  must  be  remarked,  of  the  preceding  rocks» 
and  chiefly  of  varieties  C,  D,  E,  that  they  often 
lose  their  natural  characters,  even  to  a  great  depth 
from  the  surface,  becoming  weatha^ ;  if  that 
term  can  be  used  to  designate  a  change  where 
4)e  weather  can  scarcely  obtain  access.  They 
are  not,  in  these  cases,  disintegrated,  but  retain 
their  solidity,  together  with  the  appearance  of 
natural  rocks.  In  such  circumstances,  they  ac- 
quire an  arenaceous  aspect,  or  become  carious  ; 
undergoing,  at  the  same  time,  changes  of  colour ; 
and  in  this  way  the  dark  indurated  claystones  or 
clinkstones,  will  put  on  the  appearance  of  com* 
mon  claystone  or  even  that  of  the  indwated  clay, 
var.  B, 

G.  HorDblende  compacted  into  a  solid  mass,  and 
apparently  consisting  of  minute  crystalline  particles. 
Hence  the  fracture  is  more  or  less  coarse  grained,  and 
is,  further,  uneven,  splintery,  or  conchoidal.  It  varies 
in  lustre,  being  sometimes  considerable  glistening. 
This  is  one  of  the  varieties  of  basalt:  it  is  imagined  to 
be  the  only  basalt  by  some  authors* . 
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The  analysis  of  basalt  hbweTer,  yields  soda, 
even  according  to  those  by  whom  the  term  is 
limited  to  this  variety.  But  hornblende  does  not 
contain  soda,  and  the  specimens  thus  analysed 
mnsttJierefore  be  of  a  different  nature ;  probably 
containing  compact  felspar.  If  the  term  were 
actually  to  be  thus  limited,  such  specimens  do 
not  ranic  under  it. 

a.  Massive,  irregular. 

b.  Laminar. 

c     Colnmnar,  or  prismatic. 

This  basalt  occurs  both  in  veins  and  in  masses. 
It  appears  to  be  sometimes  laminar  in  the  former, 
independently  of  the  action  of  the  weather.  The 
columnar  and  laminar  structures  are  sometimes 
combined,  as  they  are  in  the  claystones ;  and  the 
latter  is  either  parallel  to  the  axis  of  the  prisms, 
or  at  right  angles  to  it. 

The  columns  of  basalt  are  sometimes  jointed, 
in  the  various  ways  already  described ;  but  that 
structure  is  not  limited  to  this  rock,  as  already 
shown.  Mineralogists  have  long  since  rejected 
the  antient  distinction  of  the  columnar  structure 
as  characterizing  basalt. 
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SECOND  DIVISION. 
Compound  :  formed  of  two  substances. 

FIRST    SUBDIVISION. 

Granitiform  mixtures. 

A.    Hornblende  and  compact  felspar. 

a.  In  nearly  equal  proportions,  or  the 
hornblende  predorainant,  and  the 
two  minerals  distinctly  visible.  (Jreen- 
stone. 

This  rock  is  important  from  its  extent,  and 
it  occurs  both  in  veins  and  in  mountain  masses. 
Like  some  of  the  preceding,  it  is  also  at  times 
columnar,  as  well  as  laminar.  The  hom- 
bletide  is  either  black  or  dark  green,  and  is 
sometimes  distinctly  crystallized.  The  felspar  is 
white,  or  yellowish,  or  of  different  hues  of  red, 
or  pale  greenish,  or  grey  of  different  degrees  of 
intensity  down  to  nearly  black.  The  greenish 
varieties  alone,  have  been  distinguished  by  some 
mineralogists  by  the  name  of  greenstone,  the 
grey  by  that  of  greystone ;  but  the  former  term 
has  been  in  this  country  applied  to  the  whole,  of 
whatever  colour.  It  presents  a  great  variety  of 
aspects,  according  to  the  relative  proportions  of 
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the  coDstitnent  parts  and  the  size  of  the  particles, 
no  less  than  from  their  various  colours.  Rocks 
not  distinguishable  from  the  dark  varieties,  occur 
together  with  granite,  as  noticed  under  that  head  ; 
nor  do  they,  in  this  case,  present  any  distinction 
but  that  of  their  geological  connections. 

The  felspar  is  sometimes  accumulated  in  spots 
in  the  general  mixture ;  presenting  a  porphy- 
ritic  appearance  and  forming  pseudo-porphyries. 

When  the  felspar  is  red,  this  rock  has  often 
the  general  aspect  of  some  varieties  of  granite. 

b.    The  compact  felspar  predominant.  Sye- 
nite. 

This  rock  is  also  important^  from  its  fre- 
quency, and  the  extent  which  it  occupies ;  oc- 
curring principally  in  mountain  masses,  much 
more  rarely  in  veins.  It  is  sometimes  found  par- 
tially laminar,  like  former  varieties  of  this  family, 
and  it  is  also  occasionally  columnar  ;  a  circum- 
stance, of  which  Ailsa  presents  a  striking  example. 

As  in  other  instances  in  this  family,  this 
rock  is  not  always  consistent  in  its  composition 
throughout  a  large  space  ;  so  that  the  determi- 
nation of  the  character  of  a,  specimen  does  not 
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always  determine  that  of  the  maflB  whence  it  wai 
takeD«  Thus  it  passes  into  many  other  varieties, 
.  as  well  as  into  the  preceding  ;  occasionally  ako 
becoming  simple  by  the  exclusion  of  the  bora- 
blende.  This  forms  one  of  the  varieties  of  Ate 
syenite  of  mineralogists ;  limiting  that  term  fa> 
rocks  of  the  overlying  family.   . 

c.    The  mixture  imperceptible,  or  nearly 
soy  to  the  naked  eye. 

In  this  variety,  the  hornblende  is  in  equal  or 
greater  proportion  to  the  felspar,  which  )atter  if 
generally  also  of  a  dark  colour.  Jlence  the  mix- 
ture is  dark  grey,  or  blackish  green,  or  nearly 
b)ack«  The  substance  here  called  compact  fel- 
spar is  often,  possibly,  clinfLstone,  or  indurated 
playstone ;  but  the  distinction  (^an  scarcely  be 
made  in  such  circunqstances.  This  is  also  m^- 
iqerated  among  the  basalts ;  presenting  the  9aiM 
general  appearance  as  some  varieties  of  J>,  £v 
apd  G,  Fir^t  Division.  Like  those,  it  19  also 
sometimes  columnar,  as  well  as  laminar.  It  ^ 
peara  further  to  pass  intp  other  yarietie^,  by  a 
change  of  tiie  character  of  the  compact  felspari 
or  by  omission  of  onjp  or  other  of  the  ingredients, 
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B.    Hornblende  and  common  feltpai 
a.     In  nearly  equal  proportions. 

As  already  noticed  under  F,  c,  Division  First, 
it  is  sometimes  uncertain,  from  the  minuteness  of 
the  parts  and  the  state  of  mixture,  whether  com- 
mon felspar  is  not  the  mineral  presetat,  instead  of 
compact  felspar,  in  sotne  of  the  preceding  varie- 
ties. 

In  other  cases,  the  nature  of  the  felspar  is 
abundantly  evident,  and  it  is  even  confusedly,  or 
more  regularly  crystallized,  and  intermixed  with 
the  hornblende.  The  hornblende  is  also  at  timet! 
crystallized  in  a  mani^ier  considerably  distinct; 
The  rocks  of  this  variety  also,  are  classed  undei^ 
the  very  loose  term  of  greenstone ;  but  they  ge* 
nerally  differ  in  appearance  from  most  of  the 
varieties  of  A  in  this  division,  into  which  they 
however  pass.  Some  mineralogists  are  inclined 
to  place  them  wkh  the  syenites.  They  pass  into 
those  in  a  perfect  manner,  by  the  increase  of 
the  felspiir.  When  the  felspar  is  red,  they  have, 
iu  a  considerable  degree,  Hie  general  aspect  of 
seme  varieties  of  granite  ;  and  similar  rocks 
are  found  connected  with  ordinary  granite,  un. 
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der  which  head  they  have  already  been  eoume- 
rated. 

b.    The  felspar  predominant. 

This  dso  forms  one  oif  the  prevailing  vy i^ 
ties  of  syenite,  and  occurs  under  the  same  cir- 
cumstances as  var.  A,  b,  of  this  division.  The 
same  remarks  respecting  variations  of  structure 
and  connections,  are  applicable  to  it.  Its  aspect 
is  more  decidedly  granitic  than  that  of  the  variety 
which  contains  compact  felspar.  When  the  fel- 
spar is  of  a  dark  grey,  as  sometimes  happens,  it  is 
also  included,  but  improperly,  under  the  general 
term  greenstone.  In  some  cases,  compact  and 
common,  or  common  and  glassy  felspar^  occur 
together,  and  chiefly  in  var.  a ;  but  these  vma- 
tions  do  not  seem  to  require  separate  places. 

C.    Compact  felspar  and  quartz. 

This  occurs  in  conjunction  with  the  syenites 
and  the  simple  rocks,  of  which  it  is  an  occasional 
modification  ;  nor  does  it  appear  to  form  exten- 
sive distinct  masses.  Quartz  is  found,  in  the 
same  way,  united  with  the  simple  substances  D, 
E,  Division  First ;  but  it  is  unnecessary  to  mul- 
tiply these  distinctions. 
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D.    Common  ftkpar  and  qaarts. 

This  also  occurs  among  the  syenites  and  ana- 
logous rocks,  but  apparently  as  an  incidental 
Tariation  only. 

£•    Hornblende  with  glaissy  felspar. 

This  variety  is  rare,  and  appears  to  occupy 
but  small  spaces  where  it  occurs. 

F.    Augit  with  compact  felspar. 

a.  The  augit  in  superior  or  equal  propor- 
tion to  the  felspar;  distinctly  inter- 
mixed.   Augit  rock.' 

I  have  distinguished  this  by  the  name  of  augit 
rock.  It  is  in  every  respect  analogous  to  the 
similar  compounds  of  hornblende  and  com  pact  fel- 
spar, with  which  it  has  been  hitherto  confounded. 
It  varies  materially  in  appearance,  according  to 
the  colours  of  the  augit,  which  are  either  black 
or  dark  green,  and  according  to  the  magnitude, 
relative  proportions,  and  intermixture  of  the 
parts.  It  is  occasionally  laminar,  and  also  colum- 
nar, and  is  found  both  in  veins  and  in  extensive 
masses.  It  abounds  in  Scotland,  chiefly  in  the 
Western  islands,  as  in  Rum  and  Sky. 
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b.  In  9  «tat6  of  muKile  iiUecimxtore,  and 

the  parts  nearly,  or  altogether,  inn* 
mhle. 

This  rock  occurs  of  different  colours,  namely, 
pale  or  dark  greenish  grey,  or  greenish  black,  or 
black.  It  has  the  fracture  and  general  appear- 
ance of  the  basalts,  with  which  the  darkest  varie 
ties  have  been  confounded.  Its  nature,  as  yet, 
can  only  be  ascertained  by  tracing  its  intermix- 
ture with,  and  gradation  from  the  preceding 
variety ;  as  there  appears  to  be  at  present  no 
method  of  distinguishing  augit  from  hornblende 
when  in  this  minute  state  of  division  and  mixture. 

c.  The  felspar  in  excess,  and  both  the 

minerals  distinct. 

This  rock  resembles  the  analogous  variety  of 
syenite  into  which  hornblende  enters.  It  oconra 
in  Rum,  and  may  possibly  be  found  elsewhere, 
wlten  mineralogists  shall  turn  their  attention  to 
these  hithertor  neglected  compounds.  Like  the 
common  syenites^,  it  presents  connderable  divep^ 
i^ity  of  aspect. 

CL    Augit  with  glassy  felspar. 

Tbia  beautiful  rock  occurs  in  Rum. 

It  is  probaUe  that  there  are  also  eompomidi 


Digitized  by 


Google 


q(  augit  widi  comnoD  li^spar^  but  as  yet  they 
have  not  fallen  under  my  observation,  and  I  ha^e 
therefore  forborne  to  reserve  a  place  for  aneb  ^ 
variety.  It  appears  further  that  both  augit  and 
hornblende  exist  together  in  the  same  rock ;  but 
I  also  forbear  to  make  a  variety  of  this  at  preseoti 
as  the  distinction  between  these  two  min^rals 
when  in  a  state  of  mixture  is  so  difficult. 

H*    Hypersthene  with  compact  felsar. 

J.     Hypersthene  with  commoD  felspar. 

K.  Hypersthene  with  glassy  felspar,, and  occa- 
sionally with  common  and  glassy  felspar  both.  Hy- 
persthene rock. 

These  form  three  varieties  of  a  nock  hir 
therto  unknown,  and  to  which  I  have  given  the 
name  of  hypersthene  rock.  It  occurs  in  large 
granitiform  beds,  in  mountain  masses;  and  is 
foond,  as  already  noticed,  in  Sky,  and  in  Aird- 
namurchau.  As  yet  I  have  never  observed  it 
either  in  a  columnar  form  or  in  that  of  veins. 

It  occasionally  exfoliates  like  the  granites,  in 
a  solid  form,  by  the  action  of  the  weather.  In 
other  cases,  it  possesses  a  foliated  structure  lik« 
gneiss,  arising  from  the  parallel  difsposition  of 
the  hypersthene.    More  generally,  die  structure 
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19  granitic,  and  varies  exceedingly,  according  to 
the  magnitude  of  the  parts  and  their  relative 
proportions.  Thus  it  sometimes  resembles  large 
grained  granite,  at  others,  ordinary  greenstones. 
It  also  contains,  in  some  cases,  additional  imbed- 
ded crystals  of  felspar,  resembling  thus  the  per- 
phyritic  granite.  Occasionally  it  is  so  fine  as  to 
approach  in  appearance  to  basalt.  It  varies  fur- 
ther according  to  the  colours  of  the  felspar,  which 
is  greenish  grey,  or  white,  or  smoke  grey,  or 
dark  purple  grey.  It  seems,  at  times,  to  contain 
hornblende,  as  well  as  hype^rsthene,  but  not  so 
conspicuously  as  to  render  it  necessary  to  adopt  a 
separate  variety. 

Pyrites,  mispickel,  garnets,  and  octoedral 
oxidulous  iron,  occur  in  hypersthene  rock ;  and 
the  latter  in  such  abundance  as  to  modify  its  cha- 
racter and  aspect. 

SECOND   SUBDIVISION. 

Compounded  of  two  substances ;  one  of  which 
is  more  or  less  distinctly  crystallized  and  imbed- 
ded in  a  simple  base  of  another.  Includes  some 
of  the  porphyries. 
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A.  Claystone,  common^  or  indortted,  wkh  iai* 
bedded  scales  of  mica,  sometimes  regularly  crystallized. 

This  rock  occurs  both  in  veins  and  in  masses 
in  the  Western  Isles  of  Scotland,  but  appears  to  be 
rare, 

B.  OraiDs,  or  imperfect  crystals  of  quartz  imbed*- 
ded  in  a  simple  base. 

a.  Base  of  claystoiie. 

b.  Base  of  indurated  claystone. 

c.  Base  of  clinkstone. 

d.  Base  of  compact  felspar. 

These  occur  together  with  the  simple  rocks 
that  form  their  bases,  and  are  common  in  Arran. 
Varieties  c,  d,  form  rocks  of  a  suflSciently  remark- 
able appearance  to  attract  the  notice  of  a  collector. 
The  colours  necessarily  vary  according  to  that  of 
the  bases. 

C.  Crystals  of  felspar  imbedded  in  a  simple  base ; 
or  in  a  base  apparently  simple.     Porphyry. 

a.  Base  of  claystone. 

b.  Base  of  indurated  claystone. 

c.  Base  of  clinkstone. 

d.  Base  of  compact  felspar. 

These  form  the  most  common  of  the  simple 
por^hyiies.  The  imbedded  crystals  may  consist 
of  common  felspar,  of  glassy  felspar,  or  of  both 
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tog^tcr.'  Occasionally  also,  the  felspar  is  opake 
and  dull,  as  if  in  an  incipient  state  of  decompo- 
lifition  ;  sometimes,  it  is  even  in  a  powdery  state; 
atid,  ih  a  few  instances,  it  would  not  be  supposed 
that  it  had  ever  existed ;  the  rock  having  a  carious 
f^pterance,  and  the  original  seats  of  the  cry^sJs 
being  imperfectly  filled  with  an  ochry  powder. 

The  colours  of  the  bases  are,  in  all  these  cases, 
subject  to  the  same  variations  as  the  simple  rocks. 
Hence  arise  numerous  varieties  of  aspect,  still 
fbrther  multiplied  by  the  colours  of  the  imbedded 
crystals,  by  their  proportion  to  the  base,  by  their 
siie,  arid  by  different  modes  of  disposition  which 
it  is  unnecessary  to  specify.  Of  these  latter,  the 
twinning  or  the  crossing  of  the  crystals  is  the 
most  remarkable. 

By  the  gradual  exclusion  of  the  crystals,  these 
porphyries *pass  into  the  siinple  rocks ;  and  as  the 
two  frequently  exist  in  one  mass,  a  specimen  is 
not  always  a  criterion  of  the  nature  of  the  rock. 
Hence  the  term  porphyry,  when  used  in  geolo- 
gical description,  rami  not  always  be  taken  too 
strictly  in  its  mineralogical  sefise. 

I'bese  rocks  are  abundant  in  nature,  and  occur 
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eidier  in  the  form  of  mountain  masses,   or  in 
ireins. 

The  three  first  varieties,  a,  b,  c,  occur  chiefly 
among  the  latest  secondary  strata,  but  are  occa- 
sionally found  traversing  even  granite,  like  the 
simple  rocks  of  which  they  are  varieties,  in  com- 
pany with  var.  d.  This  latter  variety  occurs 
almost  exclusively,  or  at  least  most  comnn^nly, 
in  situations  where  it  may  be  supposed  of  for 
more  antient  date  than  the  former. 

Varieties  a,  b,  and  c,  areoocasioDally  laminar, 
like  thesyenites  already  enumerated,  and  also  co* 
lumnar.  The  var.  d,  is  sometimes  also  of  a 
laminar  rtructure ;  but  I  am  uncertain  if  it  hM 
yet  been  found  disposed  in  the  columnar  form, 
e.    The  base  of  basalt.    Basaltic  porphyry* 

This  rock  occurs,  like  die  simple  basalts, 
aoiong  the  latest  strata,  and  under  all  the  same 
modifications.  The  crystals  of  felspar  are  very 
frequently  glassy ;  and,  as  the  base  may  consist 
of  any  of  the  substances  already  mentioned  as 
known  by  the  name  of  basalt,  it  might  be  sub- 
divided into  varieties,  were  such  refinement  ne^ 
cessary. 
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THIRD  DIVISION. 

Compounds  of  three  or  more  ingredients. 

FIRST   SUBDIVISION. 

Granitiform  mixtures. 

A.    FekpiMT*  hornblende,  and  quartai     Syeaite« 
This  is  the  substance  which  alone  rigidly 
accords  with  the  common  definition  of  syenite ; 
although,  in  practice,  mineralogists  have  not  held 
it  necessary  to  be  strict  on  this  subject ;  feeling, 
rather  than  acknowledging,  the  inconvenience  of 
such  reiSnements  in  the  geological  description  of 
rocks.    The  felspar  may  be  either  compact,  or 
common.    The  former  variety  occurs  among  the 
overlying  rocks  only  ;  never,  as  far  as  I  have  ob- 
^rved,  very  extensively  or  perfectly,  among  the 
granites.      The  latter  compound  forms  also  a 
well-known  and  very  prevalent  variety  of  granite. 
Where  th^e  rocks  occur  with  the  traps,  the  fel- 
spar is  often  of  a  grey  or  greenish  hue ;  and,  in 
this  case,  they  have  frequently  been  called  green- 
stone, the  quartz  being  neglected  or  overlooked. 
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There  are  many  different  aspects  in  this  rock, 
arising  from  the  colours  of  the  felspar,  which, 
besides  those  just  named,  may  be  of  a  dull  white, 
or  asb-coloured,  or  of  an  ochry  hue,  or  of  reddish 
tints.  The  two  last,  it  must  however  be  remarked, 
are  rare  among  these  syenites.  It  varies  also  ex- 
tremely, in  the  proportions  of  the  ingredients; 
and  those  varieties  are  the  most  remarkable,  which 
contain  a  small  proportion  of  hornblende. 

B.  Felspar,  hornblende,  and  mica. 

This  variety  does  not  appear  to  be  common. 
It  has  been  called  micaceous  greenstone. 

C.  Felspar^  hornblende,  and  chlorite. 

D.  Felspar,  hornblende,  and  steatite* 

These  also  are  rare,  but  they  are  found  in 
Sky. 

E.  Felspar,  qaartz,  hornblende,  and  mica^ 

This  variety  occurs  in  Sky,  and  apparently 
elsewhere,  in  connection  with  some  of  the  pre- 
ceding, and  incumbent  on  conchiferous  limestone. 
Its  geological  situation  therefore  admits  of  no 
doubt,  notwithstanding  its  resemblance  to  granite. 
Its  existence  in  this  situation,  and  the  presence  of 
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common  greenstone  and  basalt  among  the  gra- 
nites, present  the  two  strongest  examples  of  the 
analogy  between  these  rocks,  so  different  in  geo- 
logical connections.  In  both  cases,  there  is  no 
distinction  to  the  mere  mineralogist,  or  collector 
of  specimens ;  but  the  arrangjemcnt  here  adopted 
renders  it  necessary  thus  to  separate  substances 
which  are,  mineralogically,  identical. 

No  example  of  a  mixture  of  quartz,  felspar, 
and  mica  only,  has,  as  far  as  I  know,  yet  occurred 
among  the  overlying  rocks. 

As  in  granite,  the  constituent  minerals  are 
sometimes  crystallized  in  these  syenites.  Ciystab 
of  brown  quartz,  in  particular,  occur  of  a  consi- 
derable size  in  St.  Kilda. 

The  columnar  form  of  the  syenite  of  Ailsa 
was  mentioned  under  A,  b,  Second  Div.  First 
Subdiv.,  and  in  that  rock  quartz  is  sometimes 
present  so  as  to  bring  it  equally  under  the  var. 
A  just  noticed. 

Occasionally  these  yarieties,  like  others,  are 
also  laminar. 

F.  Augit,  felspar,  and  mesotype, 

G.  Augit,  felspar,  and  preitnite. 
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H.    Augit^  felspar,  and  cbaloedotty,  or  quarte. 
I.      Aagit,  felspar,- chalcedony  and  prehnite,  or 
mesotype. 

These  are  yarieties  of  aiigit  rock,  and  they 
occur  in  different  parts  of  the  Western  Islands  of 
Scotland. 

K.    Hornblende,  felspar,  and  olivin. 
L.    Hornblende,  felspar,  and  epidote. 

These  varieties  are  accidental ,  of  very  limited  i 
they  may  not  possibly  deserve  a  place  in  a  cata^ 
lo^e  of  rocks  formed  on  this  principle ;  as  the 
last  ingredient  in  each,  may  be  supposed  an  a€ci-> 
dental  imbedded  mineral. 

M*  Hornblende,  felspar,  and  prehnite ;  or  liom-^ 
blende,  felspar,  prehnite,  and  mica^ 

This  variety  occurs  in  Dumbartonshire,  the 

prehnite  appearing  rather  to  form  a  constituent 

part  of  the  rock,  than  to  be  an  imbedded  mineral. 

N.  Hornblende,  conunon  felspar,  compact  felspar^ 
quartz,  and  steatite — apparently  containing  augit  also. 

Occurs  near  Edinburgh. 

O.  Hornblende,  and  greenish  compact  felspar 
forming  the  chief  part  of  a  mixture  in  which  are  inter* 
mingled  glassy  felspar,  opake  white  felspar,  augit  in 
distinct  prisms,  and  attca,  together  with  pyrites. 
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I  haye  found  this  rock,  like  N,  forming  a  mass 
of  considerable  extent,  near  Glasgow,  and  have 
quoted  them  both  as  examples  of  very  complicated 
varieties  of  whatmust  be  included  with  the  green^ 
stones.  Doubtless  many  other  varieties,  which 
have  not  come  under  my  notice,  exist ;  and  these 
examples  will  serve  to  direct  the  attention  of 
mineralogists  to  a  minute  examination  of  these 
rocks,  should  it  be  thought  necessary  to  add  to 
this  catalogue,  all  the  varieties  that  may  be  found 
in  a  class  of  rocks  which  include  so  many  mi- 
nei'al  substances. 

SECOND    SUBDIVISION. 

One  species  of  crystals  imbedded  in  a  com- 
pound base,  or  two  species  of  crystals  imbedded 
in  a  base  that  is  either  simple  or  compound.  This 
includes  all  the  remaining  porphyries. 

A.    Felspar  crystals  io  a  base  of  greenstone. 

This  is  the  greenstone  porphyry  of  minera- 
logists, and  it  may  exist  under  many  different 
aspects  according  to  the  quality  of  the  base. 
The  student  may  distinguish  these  by  referring 
to  the  preceding  parts  of  this  catalogue,  as  the 
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enumeration  would  here  serve  no  purpose  but  to 
swell  a  list  already  perhaps  too  long. 

B.  felspar  crystals  imbedded  in  a  base  of  syenite. 
This  variety  admits  of  the  same  remarks ;  and 

the  porphyries  of  this  character,  which  are  gene- 
rally connected  with  the  more  antient  rocks,  are 
often  not  to  be  distinguished  from  porphyritic 
granites,  into  which  they  pass. 

C.  The  crystals  consisting  of  felspar  and  quartz. 

D.  The  crystals  consisting  of  felspar  and  mica. 

E.  The  crystals  consisting  of  felspar  and  talc. 

F.  The  crystals  consisting  of  felspar  and  epidote. 

G.  The  crystals  consisting  of  felspar  and  pinite. 
H.  The  crystals  consisting  of  felspar  and  chlorite. 

In  the  only  example  of  this  last  variety  which 
I  know,  the  compact  felspar  that  forms  the  base 
is  of  a  green  colour,  and  the  imbedded  felspar 
has  also  in  most  parts  the  same  hue.  It  occurs 
near  Campbelltown. 

L  The  crystals  consisting  of  felspar  and  horn* 
blende. 

In  all  these  cases,  as  in  former  ones,  either 

variety  of  felspar  may  form  the  imbedded  crystals ; 

namely,  the   common,  or  the  glassy,  or  both 

together. 
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In  varieties  C,  D,  E,  F,  G,  H,  the  base  may 
be  simple ;  or  compound,  and  analogous  to  A 
and  B.     Henc«  the  varieties  of  aspect  are  infinite. 

Further,  the  mode  of  intermixture  is  often 
such,  that  it  is  difficult  to  determine  whether  the 
crystal,  here  called  imbedded,  is  not  rather  a  part 
of  the  base  ;  and,  in  these  cases,  there  is  a  grada- 
tion between  porpliyritic  and  granitiform  mix^ 
tures.  This,  in  particular,  frequently  happens 
in  var.  I.  It  is  among  the  apparently  ancieot 
porphyritic  rocks,  that  this  uncertainty  of  charac- 
ter takes  place.  The  porphyries,  like  tlie  amyg- 
daloids,  sometimes  contain  empty  cavities. 

It  is  probable  that  this  catalogue  admits  of 
considerable  extension,  but  I  have  limited  the 
enumeration  to  those  varieties  which  have  fallen 
under  my  own  observs^tion,  and  which  occur  in 
considerable  masses.  A  research  among  cabinet 
specimens  would  possibly  Md  mqiny  more  to  the 
list. 

FOURTH  DIVISION. 

Supra^^empounded  rocks.     Amygdaloids  of 
mineralogists ;  in  this  country  at  least,  as  this 
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term  appears  to  have  been  sometimes  used  in  a 
different  sense  by  foreign  writers. 

These  comprise  many  of  the  rocks,  both  simple 
and  compound,  of  the  preceding  catalogue,  as 
bases,  in  which  are  imbedded  nodules  of  various 
adventitious  minerals.  The  prevailing  amygda- 
loids,  however,  have  bases  consisting  of  the  harder 
varieties  of  indurated  clay  B,  Division  First. 

Occasionally  the  porphyritic  and  amygdaloi- 
dal  structures  are  combined,  as  already  remarked, 
producing  a  set  of  incidental  varieties  which 
it  has  not  been  thought  necessary  to  describe. 
The  amygdaloids  may  contain  one,  or  more  mine- 
rals, and  hence  also  arise  numerous  varieties. 

Their  aspects  further  vary  according  to  the 
magnitude  of  the  nodules,  and  the  proportion 
which  these  bear  to  the  base.  These  nodules  are 
sometimes  solid ;  at  others  they  do  not  fill  the 
cavity  which  contains  them. 

In  some  cases,  two,  or  more,  minerals  are  con- 
tained in  the  same  cavity,  as  agate  and  calcareous 
spar.  At  times,  considerable  portions  of  an  amyg- 
daloid contain  cavities,  without  minerals,  as  well 
as  others  partly  filled,  together  with  solid  nodules. 
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When  such  cavities  are  numerous,  these  rocks 
bear  a  considerable  resemblance  to  some  of  the 
scoriform  or  cellular  lavas*  . 

The  transition  from  the  simple  rocks  to  the 
amygdaloids,  is  sometimes  imperceptible;  as  a 
rock,  of  which  the  prevailing  character  is  simple, 
may  contain  occasional  nodules  of  the  different 
minerals- 

It  may  easily  be  conceived,  that,  under  all 
these  circumstances,  the  variety  of  amygdaloids 
is  very  great;  but  those  which  contain  the  seve- 
ral zeolites  and  calcareous  spar,  are  apparently 
the  most  abundant. 

It  would  produce  a  long  and  little  useful  cata^ 
logue  were  all  the  varieties  of  amygdaloid  to  be 
enumerated  in  detail,  according  to  the  relative 
characters  of  the  bases,  the  nature  of  the  minerals 
imbedded,  and  the  different  combinations  in 
which  they  exist.  It  has  therefore  been  held  suf- 
ficient to  enumerate  the  minerals  in  a  catalogue ; 
and  they  are  placed,  as  far  as  possible,  with  some 
regard  to  the  relative  frequency  of  their  occur- 
rence. The  collector  of  rocks  may  form  hit  own 
arrangement  on  that  basis. 
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The  amygdaloids  generally  occur  in  large, 
masses ;  rarely  in  veins.  They  are  also,  in  both 
these  cases,  occasionally  laminar. 

The  following  minerals  are  found  in  the  no- 
dules of  amygdaloids. 

A.    Siliceous  Minerals. 

Chalcedony:  variously  coloured,  zoned,  and 
striped;  onyx  of  lapidaries :  agates. 

Cacholong  :  and  semi  opal. 

Hyalile. 

Heliotrope :  a  chalcedony  coloured  by  chlo- 
rite. 

Brown  carnelian  of  lapidaries :  a  chalcedony 
coloured  by  oxyde  of  iron. 

Chert 

Quartz:  white,  transparent,  or  opake;  and 
also  smoky. 

Amethyst :  white,  transparent,  or  gpreenisb,  or 
pnrple. 

fi.    Zeolitic  minerals. 

Mesotype.  Prehnite. 

Nadelstein.  Laumonite. 

Analcime.  Iclubyopthalmite. 

Stilbite.  Harmotome. 
Chabasite. 

C.    Calcareous  minerals. 

Carbonat  of  lime.  Fluor  spar. 

Brown  spar.  Arragonite. 

Schiefer  spar. 
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D.  MiscrilaiieoiuB  minerals. 

Sulpfaat  of  barytes.  Green  eafth— -if  different 

>  Salpbat  of  strontian.  Steatite ;  soft  and  indurated* 

Olivin.  Litbomarge. 

Epidote.  '  Cbloropboeite;   Maccallodi 

Mica.  W.  Isles. 
Cblorite:  scaly,  or  crys-  Conite :  the  same  authority, 

tallized.  Leucite;  Brochant. 

E.  Metallic  minerals. 

Specular  iron.    Pyrites.    Copper.    Gralena. 

The  following  mioenil  substaDces  areocca* 
sionally  found  in  some  of  the  rocks  of  the  pre- 
ceding catalogue,  not  occupying  amygdaloidal 
nodules;  and  the  varieties  which  contain  them 
cani\ot  therefore  with  propriety  be  ranked  in 
the  preceding  or  Fourth  Division.  As  in  other 
cases,  they  must  be  considered  as  adventitious 
occasional  minerals. 


Apatite. 

Asbestus. 

Tourmalin, 

Schiller  spar. 

Garnet. 

Meionite. 

Opal. 

Sommite. 

These  have 

been 

observed    in    the  recent 

greenstones  and  basalts.     It  is  uncertain  whether 
the  two  last  substances  do  not  rather  belong  to 
lava  than  to  the  proper  traps. 
Precious  Opal.  Chrysoprase. 

These  occur,  but  rarely,  in  certain  porphyries. 
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FIFTH  DlVISIOJt 

Conglomerates. 

It  has  been   held    necessary  to   place   this 

title  here  because  of  the  student's  convenience, 

jalthoi^  the  substance  included  under  it  is  also 

^lumerated  under  the  head  of  the  conglomerate 

rocks. 

A..  Fragments  of  different  trap  rocks  and  of 
Tariout  sizesi  angular,  and  re-united  into  a  solid  mass. 
Trap  tuff. 

a.  Fine,  tufaceous* 

b.  Conglomerated,  coarse.    Trap  couglo- 

merates. 

These  form  beds  or  maaseSy  intermixed  with 
other  varieties  in  diffenent  modes.  Rarely,  and 
unexpectedly,  they  are  even  found  in  veins. 

Tbey  occasionally  contain  fragments  of  car- 
bonized wood  or  of  foreign  rocks,  and,  in  this 
case,  they  are  ranked  with  the  transported  con* 
glomierates.  Occasionally  they  are  also  found  to 
contain  cavities ;  or,  the  fragments  of  which  they 
are  composed;  adhere  in  such  a  manner  as  to 
leave  interstices. 
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Thb  information  which  is  to  be  obtained 
respecting  this  rock,  is  neither  very  abundant 
nor  very  accurate.  The  causes  of  this  most  be 
sought  for,  partly  in  its  rarity,  and  partly,  it  is 
probable,  in  the  prevalence  of  certain  hypothe- 
tical opinions  respecting  its  origin  and  connec- 
tions, similar  to  those  which  have  been  equally 
the  source  of  confusion  in  the  history  of  many 
members  of  the  trap  femily.  The  slendar  sketch 
of  its  connections  here  given,  is  therefore  drawn 
solely  from  the  writer^s  observations ;  and  the 
reasons  for  mistrusting  those  which  have  not 
been  verified  by  his  own  experience,  will  shortly 
appear. 

In  its  geological  connections,  as  well  as  in 
some  of  its  mineral  characters,  it  approaches 
very  nearly  to  many  members  of  the  preceding 
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extensive  family;  althoagh  it  presents,  at  the 
same  time,  some  very  remarkable  diflferences* 
It  is  also  important  to  remark,  that  it  is  only 
fomid  in  those  districts  where  the  rocks  of  that 
&mily  occur. 

It  has  been  said  to  exist  in  the  form  of  strata, 
in  foreign  countries ;  but  no  example  of  that  dis- 
position is  found  in  Britain.  It  will  be  more 
fully  shown  under  the  head  of  jasper,  that  cer- 
tain varieties  of  that  rock,  which  are  disposed  in 
a  stratified  form,  have  been  mistaken  for  pitch- 
stone  ;  and  it  is  more  than  probable,  that  all  the 
other  instances  of  a  supposed  stratification,  are 
examples  of  veins,  like  many  of  those  of  the 
trap  family,  holding  a  course  parallel  to  the  in- 
cluding strata. 

In  this  country,  it  occurs  invariably  in  the 
form  of  veins,  traversing  all  the  rocks  among 
which  it  is  found,  and,  where  it  is  in  company 
with  stratified  substances,  crossing  them  in  an- 
gular directions,  or  insinuating  itEielf  in  a  parallel 
manner  between  the  strata.  The  instance  of  the 
Scuir  of  Egg,  is  an  apparent,  rather  than  a  real, 
exception,  to  this  rule ;  as  there  is  no  reason  to 
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doitbt  that  it  18  a  Vein  fh>m  which  the  including 
parte  have  been  removed  by  the  ordinary  causes 
of  waste.  In  one  respect,  however,  the  veina  of 
pitduAone  differ  materially  from  those  of  trap; 
as  they  have  never  yet  been  found  connected  with 
lai^  masses,  in  this  country  at  least;  being,  on 
the  contrary,  of  very  limited  extent,  and,  at  pre^ 
sent,  independent. 

These  veins  are  fouxid  situated  in  granite,  in 
satidstone  of  recent  origin,  and  in  the  trap  rocks 
which  lie  above  it ;  a  variety  of  connection  which 
affords  sufficient  evidence  of  their  intruding  cba* 
ra^r,  and  which  is  also  sufficient  to  prove, 
a  priori,  that  no  pitchstone  is  stratified ;  as  there 
is  no  instance  in  nature,  of  a  stratified  rock 
forming  veins,  or  occurring  in  connections  so 
diataint  and  discordant  as  these. 

The  strong  analogy  subsisting  between  pitch- 
stone  and  basalt,  is  shown  by  other  circumstances. 
In  two  instances,  at  least,  one  of  which  occurs  in 
Lamlash,  and  the  other  in  Sky,  veins  of  basalt 
are  found,  at  their  outer  walls,  to  pass  into  this 
substance  by  a  gradation  more  or  less  perfect ; 
and,  in  the  veins  found  in  Egg,  an  imperfeet 
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tTMsitioa  of  a  similar  nature  mi^  akio  be  aeeii. 
Id  the  same  island,  the  remarkable  vein  called  the 
Scoir,  already  nientioned,  hdcb  a  place  so  inter- 
mediate in  t^ture  between  basalt  and  pitchstooe, 
as  to  be  but  imperfectly  referable  to  either.  The 
same  circumstance,  on  a  smaller  scale,  is  visible 
in  many  other  places ;  and  it  is  further  remarka- 
ble, that,  in  Sky,  where  veins  of  basalt  sometimes 
ramify  into  slender  filaments,  these  gradually 
become  pitchstone. 

The  last  instance  of  this  analogy,  is  shown 
by  the  fact,  yet  solitary,  it  is  true,  which  I  have 
elsewhere  described,  that,  in  one  of  the  veins  in 
Arran,  fragments  of  the  including  sandstone 
strata  are  imbedded  in  the  vein. 

Veins  of  pitchstone  vary  much  in  breadth,  as 
they  do  in  their  other  dimensions ;  attaining  one 
of  many  yardss  and,  in  some  cases,  not  exceeding 
the  size  of  a  thread.  In  the  same  vein,  the  mine* 
ral  characters  also  vary ;  so  that  many  of  the 
varieties  hereafter  enumerated,  are  sometimes 
found  associated,  either  by  transition,  or  in  a 
laminar  manner,  in  the  same  vein.  Transitions 
into  chert  or  chalcedony,  are  also  found  under 
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the  same  circumstances,  as  is  further  pointed  out 
in  the  Synopsis. 

Pitchstone  presents  many  remarkable  varie- 
ties of  structure,  both  on  the  great  and  small  scale. 
In  Arran,  it  is  imperfectly  prismatic  on  a  very 
large  scale,  the  prisms  being  at  right  angles  to  the 
plane  of  the  vein.  In  Egg,  the  prisms  are  smaller, 
but  capable,  in  many  cases,  of  being  easily  de- 
tached, and  often,  of  very  perfect  forms :  being,  at 
the  same  time,  placed  in  various  intricate  direc- 
tions with  regard  to  the  plane  of  the  vein,  and, 
in  such  a  manner,  that  the  ends  of  tlie  several 
prisms  are  extenuated,  by  being  compressed  be- 
tween the  middle  parts  of  those  adjoining.  The 
laminar  disposition  of  the  veins,  noticed  io  a  pre- 
ceding paragraph,  is  sometimes  also  on  a  scale  so 
large  as  to  divide  the  vein  into  two  or  three  sepa- 
rate portions,  which  are  most  frequently  marked 
by  some  corresponding  change  of  character  indi^ 
different  laminae. 

The  smaller  varieties  of  structure,  are  nume- 
rous, and  often  very  remarkable.  Among  these, 
a  laminar  concretionary  structure  is  not  unfre- 
quent ;  and  the  lamellae,  which  vary  very  much 
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in  size,  are  either  straight  or  curved.  In  some 
cases,  they  are  as  thin  as  paper ;  in  others,  they 
are  thick,  and  further,  separable  by  joints  at  right 
angles  to  the  planes  of  the  lamellse.  Thus  they 
become  divisible  so  as  sometimes  to  present  a 
minute  prismatic  disposition. 

Occasionally,  these  prisms  present  also  some 
carved  surfaces  together  with  the  straight ;  so  as 
to  form  columns  on  a  very  small  scale,  which  are, 
further,  jointed,  in  some  very  rare  instances,  by 
surfaces  alternately  concave  and  convex;  and, 
when  such  joints  are  very  near,  the  parts  separate 
into  irregular  spheroidal  forms.  In  some  rare 
cases  of  ihe  jointed  columnar  structure,  a  central 
atom  of  felspar,  or  of  enamel,  is  found  in  each 
joint. 

Analogous  to  this,  is  a  spheroidal  concre- 
tionary structure,  more  or  less  perfect,  and  vary- 
ing in  size,  but  commonly,  minute.  By  a  tran- 
sition from  this,  it  becomes  an  aggregate  of 
irregular  grains,  and  passes  into  pearlstone,  which 
can  only  be  considered  as  a  variety  of  pitchstone, 
and  is  accordingly  ranked  here  as  a  variety. 
The  spherules,  or  grains  of  pearlstone,  ftequently 
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also  contain  a  central  atom  of  felspar  or  enamel, 
like  the  variety  mentioned  in  the  preceding  paia- 
graph. 

The  last  obvious  variety  of  structure  to  be 
noticed  in  pitcbstone,  is  the  porphyritic.  This 
varies  much  in  the  magnitude,  perfection,  or 
number,  of  the  included  crystals;  producing  cw- 
responding  differences  of  aspect.  Frequently, 
the  larger  crystals  are  rounded,  and  converted 
into  a  white  or  grey  enamel  on  the  exterior ;  while, 
in  lieu  of  the  smaller,  there  are  only  to  be  found 
spheroidal  gmins  formed  entirely  of  the  same 
enamel.  This  variety  also  passes  into  pearlstonc ; 
each  grain  of  enamel  being  the  centre  of  an 
imperfect  spheroidal  structure,  which,  acquiring 
greater  distinctness,  becomes  the  substance  in 
question.  Thus  pearlstone  is  shown  to  be 
merely  a  variety  of  pitchstone,  and  the  association 
here  made  between  the  two  is  justified. 

In  some  rare  instances,  as  in  Arran,  the  crys- 
tals, of  glassy  felspar,  are  formed  of  concentric 
prisms  separated  by  layers  of  the  pitchstone,  so 
that  every  crystal  is  a  compound  body. 

Independently  of  these  obvious  variations  of 
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stropture)  pitchstone  sometipses  giyes  iDdications 
of  an  internal  arrangement,  which,  as  in  the  case 
of  the  trap  rocks,  is  only  detected  on  weathering. 
Many  of  the  varieties  become  of  a  pure  white  on 
the  surface  after  exposure  to  the  air ;  scaling  off 
in  successive  crusts  that  resemble  white  enamel, 
as  they  still  retain  the  vitreous  aspect  and  fracture. 
At  the  same  time,  the  exposed  surfaces  are  co- 
vered with  undulating  lines,  resembling  certain 
varieties  of  marbled  paper,  and  evidently  result- 
ing from  some  coiresponding  difierence  of  lami- 
nar structure;  the  lamina  most  sensible  to  at- 
mospheric action^  being  thus  detected,  although 
invisible  in  the  fresh  rock.  In  a  further  progress 
to  decomposition,  pitchstone  is  at  length  con- 
verted into  a  fine  clay,  forming,  in  water,  a  very 
tenacious  paste ;  and  it  appears  to  be  very  readily 
acted  on  by  the  water,  as  may  be  witnessed  in 
Arran. 

It  does  not  always  weather  to  a  white  enamel, 
becoming  occasionally  brown,  and,  more  rarely, 
turning  into  a  black  powder.  Occasionally,  it 
exhibits  the  kind  of  bloom  seen  on  a  plum,  or  on 
certain  kinds  of  bottle  glass. 
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It  must  here  also  be  remarked,  that  notwith- 
tanding  its  titreous  aspect,  it  often  contains  a 
great  deal  of  loose  Water,  which  is  easily  sepa- 
rated by  drying,  as  in  many  other  rocks.  In 
these  cases  it  is  tender,  but  becomes  brittle  after 
the  water  has  evaporated. 

In  many  cases,  pitchstone  possesses  an  uni- 
form structure,  showing  no  tendency  to  particular 
forms  of  any  kind.  In  these,  the  fracture  is  flat, 
or  more  or  less  perfectly  conchoidal,  or  sometimes 
doubly  conchoidal,  one  concave  fracture  being 
contained  within  another.  It  is,  occasionally  also, 
minutely  splintery  at  the  same  time;  and* very 
often  the  flat,  or  conchoidal  fractures,  are  on  so 
small  a  scale,  and  so  various  in  position,  as  to 
produce  an  irregular  angular  surface. 

The  lustre  of  pitchstone  varies  exceedingly 
according  to  its  several  slates  or  varieties ;  pass- 
ing from  the  most  perfectly  vitreous  to  one 
scarcely  more  glossy  than  that  of  the  finest  ba- 
salts. 

The  colours  are  various ;  but  a  detailed  ac- 
count of  them  being  given  in  the  Synopsis,  they 
need  not  be  noticed  here.      In  Scotland  the 
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darker  hues,  and  the  olive  greens  in  particular, 
are  predominant. 

The  ordinary  transitions  of  pitchstone  are  into 
basalt,  chalcedony,  and  chert,  as  already  noticed. 
One  of  the  varieties  of  chalcedonic  chert  thus 
found  in  Arran  is  of  a  very  singular  character ; 
presenting  a  spheroidal  concretionary  structure, 
with  an  internal  radiating  or  concentric  disposi- 
lion  in  the  spherules,  and  weathering  to  a  botry- 
oidal  surface. 


SYNOPSIS  OF  PITCHSTONE. 


FIRST  DIVISION, 
Simple. 

A.    Amorphous,  massiire. 

a.  With  a  simple  concboidal  fracture. 

b.  With  a  flat  coDcboidal  fracture. 

€•    With  a  splintery  conchoidal  fracture. 

d.  With  a  splintery  granular  fracture,  and 

of  various  aspects,  according  to  the 
size  of  the  parts. 

e.  With  a  mixed  fracture,  the  conchoidal 

being  also  granular. 
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f.  With  a  mixed  fracture,  the  large  con- 

choidal  presenting  a' minute  addition- 
ally conchoidal  surface. 

g.  The  conchoidal  fracture  covered  with 

minute  scales,  so  as  to  give,  on  a  su- 
perficial view,  a  porpbyritic  aspect. 

B.     Concretionary. 

a.  Flat,  lamellar:   the  lamellsB  thick  or 

thin ;  it  even  becomes  schistose,  or 
papery,  or  tine  scaly. 

b.  Curved,  lamellar* 

c.  Prismatic :  the  prisms  simple,  or  jointed  * 

with  plane,  or  with  curved  surfaces. 

d.  Columnar,  or  cylindroidal;   similarly, 

either  simple  or  jointed:  the  concre- 
tion is  also  sometimes  partly  colum- 
nar, and  partly  prismatic ;  or  has 
plane  and  curved  sides  both. 

e.  Spheroidal;  large.     Tliis  is  generally 

combined  with  the  columnar.  The 
small  spheroidal  concretionary,  is  ar- 
ranged with  the  pearlstones. 

f.  Very  imperfectly  spheroidal  concretion- 

ary: the  transition  into  pearlstone. 
It  sometimes  also  passes  into  the  por- 
pbyritic. 

Sometimes  different  structures  are  intermixed 
in  the  same  rock,  as  the  columnar  and  prismatic 
with  the  lamellar. 
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The  lamellar  pitchstone  sometimes  contains 
lamellas  of  chert,  or  of  cherty  chalcedony,  into 
which  it  also  passes. 

SECOND  DIVISION. 
Porphyritic. 

A*    Pitchstone  porphyry  of  mineralogists* 

a.  With  distinct  crystals  of  glassy  felspar. 
These  are  sometimes  so  transparent  as  to  be 

nearly  invisible  on  a  fresh  fracture. 

b.  With  distinct  crystals  of  common  felspar. 

c.  With  rounded,  or  shapeless  particles  of 

the  same. 

d.  With  imbedded  spherules,  consisting 

of  a  grain  of  felspar  surrounded  by  a 
grey  enamel,  or  of  the  grey  enamel 
alone. 

This  enamel  is  sometimes  blended  with  the 
surrounding  rock.  When  the  spherules  are  nu- 
merous, this  porphyry  passes  into  pearlstone. 

e.  With  imbedded  crystals  or  grains  of 

quartz,  or  of  quartz  and  felspar  both. 

f.  With  grains  of  quartz  surrounded  by 

chert, and  blending  with  the  surroundr 
ing  rock;  or  with  grains  of  chert 
alone.  This  rariety  is  analogous  to 
d. 
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g.  Porpbjrritic:  but  the  graias,  which  are 
chiefly  of  quartz  and  chert,  are  fiir- 
ther  condensed  in  lamellae  which 
alternate  with  a  slightly  porphyritic 
pitchstone. 

THIRD  DIVISION. 
Concretionary  spheroidal :  Pearlstone. 

A.  Consisting  of  simple  pitchstone ;  the  grains 
irregular,  and  compressing  each  other  in  the  manner  of 
cocGolite. 

B.  Some,  or  all  of  the  grains,  containing  a  central 
substance  of  another  kind :  pearlstone  porphyry. 

a.  With  g^ins  of  felspar,  or  of  felspar  and 

enamel,  or  of  enamel  only. 

b.  With  quartz,  or  quartz  and  chert. 
c»    With  quartz  and  felspar  both. 

d.    With  a  central  atom  of  clay. 

THIRD  DIVISION. 
Amygdaloidal :  containing  imbedded  nodules 
of  anotlier  mineral  * 

A.    Pitchstone  containing  imbedded  zeolites. 
As  yet  this  variety  has  occurred  only  in  Baffin's 
Bay. 

The  colours  of  pitchstone  are  various.  They 
are,  principally,  dull  white,  pale  ochre,  pink,  pale 
green,  greenish  grey,  ochre  yellow,  ochre  red, 
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yellow  brown,  fawn  colour,  red  brown,  greenish 
brown,  olives  of  various  hues  down  to  blackish 
green,  dark  blue,  and  black*  The  colours  are 
sometimes  also  intermixed,  and  thus  pale  and 
dark  green,  or  pale  and  dark  grey,  are  interla- 
minated,  producing  a  striped  sur&ce.  The 
colours  of  pearlstone  are  much  more  limited, 
possibly  because  the  substance  is  more  rare. 
Those  of  the  porphyritic  varieties  are  numerous, 
as  this  rock  is  more  frequently  porphyritic  than 
simple. 

As  the  porphyritic  varieties  may  possess  any 
of  the  modifications  of  the  simple  rock  as  a  base, 
many  additional  aspects  result  from  this  cajuse. 

Besides  the  passage  into  chert  and  cherty 
chalcedony  already  noticed,  pitchstone  passes  into 
basalt,  and,  as  is  supposed,  into  opal  and  semi- 
opal.  In  the  passage  to  chert,  it  is  sometimes 
found  to  contain  minute  grains  or  particles  of 
chalcedony,  discernible  only  by  the  lens.  This 
variety  often  possesses  a  remarkable  spheroidal 
concretionary  structure  already  noticed  in  the 
geological  part  of  this  subject. 
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PRELIMINARY   REMARKS   ON    THE   OCCASIONAL 
ROCKS. 


It  was  remarked  in  the  third  chapter,  that 
this  division  was  adopted  for  the  purpose  of  com- 
prehending some  rocks  which  occurred  both  in 
the  primary  and  secondary  classes,  together  with 
the  stony  substances  that  are  found  in  veins,  and 
which  may  thus  exist  indiscriminately  in  both. 

In  a  geological  arrangement,  like  the  present, 
it  is  requisite  to  state  more  particularly  the  rea- 
sons for  adopting  this  expedient ;  a  proceeding 
the  more  necessary,  as  the  views  on  which  it  is 
founded,  are  iii  a  great  degree  at  variance  with 
the  current  opinions  and  usual  statements  of 
geological  writers. 

It  is  not  very  easy  to  discover,  in  those 
writingig,  in  what  light  jasper  has  been  consi- 
dered, but  it  has  chiefly  been  treated  of  as  a 
mineral,  not  as  a  rock  ;  while  many  substances, 
most  obviously  appertaining  to  it,  have  been 
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ranked  as  pitchstones,  so  as  to  have  produced 
great  confusion,  and  to  have  introduced  most 
important  errors  into  the  geological  history  of  this 
substance.  These  particulars  will  be  discussed 
at  more  length  in  the  preliminary  remarks  to  the 
catalogue  of  that  rock ;  and  there  will  then  be 
proved,  what  need  only  be  mentioned  here,  that 
it  occurs  indiscriminately  both  in  the  primary  and 
the  secondary  classes. 

iVeariy  the  same  observations  may  be  made 
on  siliceous  schist,  which  also  occurs  indiscrimi- 
nately, although  generally  with  some  difference 
of  character,  in  both  classes.  Geologists,  who 
have  admitted  this  rock  into  their  systems,  hive, 
in  some  measure,  felt  the  necessity  of  making 
two  divisions  of  it ;  and  have  accordingly  divided 
it  between  their  primitive  and  transition  classes. 
But  they  seem  either  to  have  overlooked  its  fre- 
quent situation  in  the  secondary  class,  or  else  to 
have  confounded  it,  when  it  occurs  there  in  an 
unquestionable  manner,  with  some  varieties  of 
those  trap  rocks  with  which  it  is  invariably  asso- 
ciated. In  this  way,  much  confrision  has  been 
intrt>du(red  into   geological  descriptions :    since 
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this  rock  has,  ^from  its  mioeral  characters,  been 
often  referred  to  a  primitive  or  transition  class, 
where  it  formed  a  portion  of  the  secondary ;  thus 
producing  a  total  misapprehension  of  the  relations 
of  the  rocks  with  which  it  was  connected.  It  is 
not  the  only  instance  where  similar  geological 
errors  have  been  committed  by  determining  the 
class  of  a  rock  from  its  mineral  character ;  and 
from  thus  concluding  respecting  the  place  in 
which  it  ought  to  be  found :  it  is  one  of  diose 
which  points  out  most  strongly  the  utility,  or 
rather  the  necessity,  of  a  geological  arrangement 
of  rocks. 

That  confusion  has,  in  the  primary  siliceous 
schists,  been  much  increased  by  misapprehend* 
ing  eyen  the  true  mineral  characters  of  the  sub* 
stance  in  question,  and  by  confounding  it  with 
those  varieties  of  argillaceous  schist,  which,  from 
containing  a  large  proportion  of  quartz  in  their 
composition,  present  an  unusual  d^^ree  of  hard- 
ness. 

Respecting  chert,  it  is  here  proper  to  obsore, 
as  formerly  noticed,  that  is  is  now,  for  tlie  first 
time,  introduced  into  a  catalogue  of  rocks.    The 
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definition  of  its  characters  will  be  found  in  tjbe 
proper  place ;  but  its  introduction  would  have 
been  indispensible,  even  if  it  had  not  occupied 
so  decidedly  the  place  and  presented  all  the  true 
properties  of  a  rock,  on  account  of  its  frequent 
occurrence  in  company  with  siliceous  schist^  and 
under  circumstances  in  all  respects  identical. 

On  these  three  rocks  it  may  now  be  remarked, 
that  as  they  are  found  both  in  the  primary  and 
secondary  classes,  and,  in  each,  under  slight  dif- 
ferences of  character,  they  might  have  been  re* 
peated  in  each,  as  is  done  in  the  case  of  limestone, 
and  in  that  of  the  red  sandstone.  But  they  did 
not  appear  sufficiently  extensive  or  important  tcf 
demimd  this  attention.  A  further  reason  for  the 
practice  here  adopted,  appeared  to  be  contained 
in  that  peculiarity  of  position  by  which,  as  they  oc- 
cur in  either  of  the  classes,  they  seem  to  be  almost 
necessarily  connected  with  the  unstratified  rocks ; 
and  to  be  often,  in  fact,  portions  of  the  ordinary 
strata  with  which  they  are  united,  more  or  less 
altered  by  the  influence  of  those  irr^ular  and 
intruding  masses.  The  object  of  this  arrange- 
ment being  to  connect,  as  far  as  possible,  the 
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siibstatiocs  described  in  it,  with  their  geological 
history,  it  seemed  expedieot  to  adopt  s^ioh  a 
coarse  as  would  tend  most  to  illustrate  that  main 
end  of  the  study  of  rocks. 

It  was  with  some  hesitation  that  gypsum  was 
admitted  into  this  catalogue.  Like  salt,  it  might 
have  been,  perhaps  with  equal  propriety,  re- 
ferred  to  the  list  of  independent  minerals ;  had 
not  the  practice  of  geologists  establiidied  for  it  a 
place,  for  which  the  large  masses  in  which  it 
occurs  offer  some  justification.  Like  many  other 
doubtful  points  in  this  arrangement,  it  must  wait 
the  event  of  future  correction :  but  as  it  is  found 
both  among  the  primary  and  secondary  strata, 
and  without  any  differences  of  character,  it  seemed 
more  convenient  to  place  it  in  this  part  of  the 
classification,  than  to  repeat  it  in  each. 

Of  the  conglomerate  rocks,  although  some 
have  already  come  under  retiew,  there  remain 
others,  chiefly  of  a  local  nature,  which  no  oppor- 
tunity was  afforded  of  introducing  in  a  detailed 
manner.  The  general  and  the  local  rocks  of 
this  construction,  are  moreover  distinguished  by 
important  dilSerences  in  their  geological  rela- 
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tioiis,  which  it  was  necessary  to  point  out ;  nor 
could  the  subject  be  rendered  intelligible,  with^ 
out  bringing  the  whole  into  one  division.  As 
they  belong  both  to  the  primary  jand  the  second- 
ary class,  they  have  necessarily  found  their  place 
in  this  part  of  the  arrangement. 

The  veinstones  have  been  introduced  into 
this  subsidiary  place,  solely  for  the  convenienoe 
of  the  reader,  and  because,  had  they  not  been 
found  here,  they  could  not  have  been  noticed  in 
any  other  part  of  this  work.  The  geologi- 
cal plan  adopted,  presents  a  reason  for  describ- 
ing mechanical  compounds  which  might  other- 
wise have  passed  unnoticed.  They  are  frequent 
sources  of  doubt  and  difficulty  to  students  ;  par- 
ticularly where  it  is  difficult  to  trace  their  con- 
nections :  and  if  it  was  necessary  to  bestow  some 
attention  on  the  local  conglomerates,  which  are 
8Q  intimately  connected  with  them  in  character, 
it  was  also  important,  in  a  geolc^cal  view,  to 
prevent  the  two  cases  from  being  confounded. 
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The  reasons  lor  introducing  this  rock  into 
the  arrangement,  and  for  assigning  it  a  place  in 
this  division,  have  been  already  stated  in  preced- 
ing remarks,  and  will  be  more  apparent  from  the 
following  sketch  of  its  geblogical  characters. 

Our  information  respecting  jasper  is  however 
so  imperfect,  that  this  sketch  is  necessarily  very 
superficial,  and,  possibly,  in  some  points,  incor- 
rect. The  causes  of  this  must  be  sought,  partly 
in  the  neglect  which  it  has  experienced  from 
geologists,  partly  in  its  comparative  rarity,  and, 
still  more,  in  the  confiision  which  exists  respect- 
ing the  limitation  of  the  name. 

The  term  jasper,  being  antient,  and  of  a 
popular  nature,  has  been  applied  to  many  rocks, 
some  of  which  evidently  belong  to  other  families. 
The  want  of  access  to  specimens,  which,  from 
their  variety  or  beauty,  have  been  made  objects 
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of  great  interest  by  mineralogists  or  lapidaries, 
however  unimportant  they  may  be  in  a  geolc^cal 
view,  renders  it  impossible  to  know  all  the  sub- 
stances which  have  been  designated  by  this  term, 
but  the  following  may  be  enumerated. 

An  instance  of  the  extreme  laxity  in  the  use 
of  this  name,  is  found  in  the  calcareous  stalag- 
mites, sometimes  also  called  onyx-alabaster,  which 
have  been  thus  denominated ;  but  these  instances 
are  too  striking  to  be  the  cause  of  error  to  geolo- 
gists. The  striped  jasper,  however,  of  many 
writers,  which  might  be  a  source  of  confusion, 
requires  notice ;  as  it  is,  in  all  cases,  a  variety  of 
siliceous  sch^  or  of  some  analogous  substance. 

Some  of  the  cherts  that  are  coloured  by  chlo- 
rite, and  which  are  merely  varieties  of  heliotrope, 
have  also  been  called  jasper ;  as  have  many  other 
cberty  substances  which  are  here  treated  of  in 
the  following  chapter ;  the  name  being  given  to 
them,  generally,  where  they  have  been  remark- 
able for  their  colours. 

Veinstones,  consisting  of  various  fragments 
entangled  in  agate,  have  also  acquired  this  name 
among  collectors;  and  it  has  indeed  frequently 

N    N 


Digitized  by 


Google 


546  JASPER. 

been  applied  in  a  very  vague  manner  to  many 
agates  where  their  chalcedonic  character  was  im- 
•pafect;  and  indeed,  to  any  hard  and  uniform 
rock  distinguished  by  brilliancy  or  intermixture 
of  tints. 

In  this  work,  the  name  is  limited  to  that  sub- 
stance of  which  a  mineralogical  definition  is  given 
in  thfe  thirteenth  chapter,  and  of  which  the  geo- 
logical characters  are  now  to  be  sketched. 

It  is  said  to  form  a  range  of  mountains  in 
Siberia ;  but  the  authority  for  that  assertion  » 
not  valid.  Practical  geologists  can  be  at  no  loss 
to  account  for  erroneous  statements  made  on  thfi 
and  similar  subjects  by  ordinary  travellers,  and 
eveo  by  superficial  or  rapid  geologists.  That 
it  occurs  in  liBurge  masses  in  that  country,  as  well 
as  in  the  Appenines,  imbedded  among  the  pri- 
mary strata,  rests  however  on  authority  that  can- 
not be  questioned,  and  it  is  confirmed  by  similar 
obseiTations  in  our  own.  In  Scotland,  it  occurs 
in  this  manner  in  the  micaceous  and  argillaceous 
schists.  In  these  cases,  it  is  an  undoubted  mem- 
ber, like  serpentine,  of  the  primary  class. 

Where  stmta  of  quartz  rock,  containing  much 
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felspar  or  clay,  occur  in  contact  with  granite, 
they  pass  into  jasper  if  the  clay  abounds ;  while, 
in  other  places,  they  are  converted  into  chert  if 
less  of  that  earth  is  present ;  or,  if  pure,  are  ren- 
dered perfi^rtly  crystalline.  These  examples  are 
to  be  found  in  Aberdeenshire,  and  are  valuable 
on  account  of  the  light  which  they  throw  on  the 
origin  of  this  rock. 

In  all  the  following  situations,  it  must  be  re- 
ferred to  the  secondary  class,  unless,  in  the  follow- 
ing instance,  as  well  as  in  that  just  quoted,  it  is 
conceived  to  be  a  primary  rock  influenced  by  the 
basalt  in  its  vicinity. 

In  this  case,  which  occure  in  France,  accord* 
ing  to  the  authority  of  Soulavie,  it  occupies  a 
position  intermediate  between  granite  and  basalt. 
In  the  other  instances  in  which  it  occurs  in  the 
secondary  class,  it  is  always  in  some  manner 
connected  with  the  overlying,  or  trap  rocks. 

When  the  indurated  claystones  of  this  family, 
assume  strong  and  ornamental  colours,  they  are 
commonly  known  by  this  name,  not  perhaps 
always  very  properly.  But,  in  some  <;ases,  these 
rocks,  ^ich,  in  most  instances,  pass  by  indura- 
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tion  into  clinkstone  or  compact  felspar,  become 
true  jasper,  as  far  as  the  external  characters  can 
be  relied  on ;  a  change  which  need  excite  no 
surprise,  when  their  various  composition  is  con- 
sidered. Thus  jasper  is,  rigidly  speaking,  an 
occasional  member  of  the  trap  &mily ;  but,  on 
account  of  its  prevailing  characters  and  positions, 
it  was  judged  proper  to  treat  of  the  whole  in  this 
place.  It  is  only  one  instance,  out  of  many,  of 
the  impossibility  of  framing  any  arrangement 
which  shall  be  in  all  points  unobjectionable. 

In  many  situations  where  the  trap  rocks  cover 
or  interfere  with  the  secondary  strata,  jasper  is 
found  in  contact  with  the  former,  and  connected 
with  the  latter  by  an  imperceptible  transition. 
This  transition  points  to  the  cause  to  which  such 
jasper  owes  its  origin  ;  and  it  will  be  found  that 
the  strata  indurated  into  this  new  form,  are  beds 
of  clay,  more  or  less  ferruginous,  or  of  argillace- 
ous sandstone.  Thus  the  jasper  presents  transi- 
tions into  ordinary  yellow  clay,  into  the  red  ferru- 
ginous clay  so  common  among  the  trap  rocks,  and 
into  sandstone.  In  Iceland  a  green  variety  is  thus 
found  passing  into  a  clay  highly  coloured  by 
chlorite. 


Digitized  by 


Google 


JA9PER.  b40 

The  varieties  which  Alginate  in  clay,  are  fre- 
quently characterized  by  a  high  degree  of  resinous 
lustre;  and  it  is  importaDt  to  distinguish  them, 
as  they  have  here  been  done,  because  they  appear 
to  have  given  rise  to  the  belief  in  stratified  pitch- 
stone,  although  essentially  difierent  in  their  mi- 
neral characters,  as  well  as  in  their  geological 
connexions.  The  greater  number  of  the  Hun- 
garian pitchstones,  (so  called,)  existing  in  the 
cabinets  of  mineralogists,  will  be  found  to  beloDg 
to  this  place. 

The  forms  of  jasper  vary  according  to  these 
several  circumstances  of  position.  Like  lime- 
stone or  serpentine,  it  is  found  in  irregular  masses, 
obscurely,  or  not  at  all  stratified.  In  other  cases, 
in  the  primary  rocks,  it  appears  to  form  true 
strata ;  a  circumstance  to  be  expected.  Among 
the  secondary  rocks,  it  is  massive  and  shitless 
where  it  passes  into  claystone,  and  is  stratified 
where  it  forms  a  portion  of  the  series  of  strata 
connected  with  the  trap. 

As  it  is  also  found  in  a  state  of  transition  into 
the  ordinary  stratified  rocks,  in  both  classes,  it  is 
easy  to  conceive  how  it  may  occur  in  small  por- 
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tioDS,  of  no  determinate  form  or  character,  in 
those  parts  only  of  the  beds,  where  the  grahite  or 
trap  to  which  its  origin  is  referred,  are  immedi- 
ately present. 

Lastly,  it  exists  in  the  form  of  veins,  often 
very  minute  ;  and,  in  these  cases,  it  is  probably 
a  mere  modification  of  some  venous  rock  of  the 
trap  family,  analogous  to  that  case  where  basalt 
becomes,  in  the  progress  of  ramification,  con- 
verted into  pitchstone. 

Jasper  presents  a  few  modifications  of  internal 
KStructure  which  require  notice.  It  sometimes 
gives  indications  of  a  spheroidal  concretionary 
disposition,  more  or  less  perfect,  and  resembling 
that  which,  under  circumstances  of  a  similar 
nature,  occurs  in  chert  and  siliceous  schists  In 
the  same  way,  it  sometimes  possesses  a  laminar 
structure,  and  thus  also  it  approximates  to  the 
siliceous  schists.  It  is  easy  to  see  how,  from 
similarity  of  origin,  connexions,  and  composition, 
it  may  be  thus  a  matter  of  doubt  to  which  of  those 
two  rocks,  any  given  specimen  or  bed  should  be 
referred.  The  well-known  striped  and  spotted 
jaspers,  owe  their  appearance  to  the  two  struc- 
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'  tures  above  iDentioned ;  and,  occasionally,  the 
two  arc  combined  in  the  same  specimen. 

It  is  much  more  rare  to  find  jasper  possessing 
a  minute  columnar  structure  resembling  that  of 
the  madreporite  limestone,  or  of  ironstone.  But 
tiiig,  when  it  occurs,  is  easily  explained,  when  it 
ia  recollected  that  it  often  differs  from  this  latter 
suhfttance,  only  in  the  degree  of  hardness.  The 
transition  into  ironstone,  is  similar  to  that  into 
the  ferruginous  clay  of  the  strata  which  lie  under 
trap.  One  instance  of  the  columnar  structure  on 
the  large  scale  occurs  at  Dunbar. 

The  texture,  and  of  course,  the  fracture,  of 
jasper,  differs  in  the  several  varieties.  The  frac- 
ture is  either  flat,  or  imperfectly  conchoidal,  or 
very  accurately  so ;  and,  in  the  minute  fractures, 
it  is  imperfectly  granular,  or  angular  and  rough, 
or  splintery,  or  dull  and  pulverulent,  or  uniformly 
smooth.  The  last  variety,  where  it  emulates 
pitcbstonei  or  common^ pitch,  in  lustre,  has  often 
a  fracture  as  perfectly  conchoidal  as  that  sub- 
stance. 

From  these  characters,  and  from  the  defini- 
tion given  in  the  thirteenth  chapter,  it  is  pre- 
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sumed  that  the  student  will  rarely  be  at  a  loss  to 
recognize  this  rock,  wherever,  at  least,  its  cha- 
racters are  perfect :  cases  of  transition  must  be 
studied  in  their  geological  positions. 

The  colours  of  jasper  are  infinitely  yarioos^ 
and  are  the  principal  cause  of  its  estimation  among 
mineralogists  and  lapidaries.  They  are  also,  in 
general,  much  more  brilliant  and  decided  than 
those  of  any  other  rock  except  limestone ;  yet  the 
student  will,  from  the  preceding  description, 
beware  of  using  them  as  an  empirical  character 
to  the  neglect  of  others.  Red  of  various  hues, 
ochre  yellow,  greens,  browns,  greys  of  all  tones, 
and  black,  are  the  prevailing  tints;  and  they 
occur  in  every  mode  of  intermixture,  so  as  to 
present  almost  infinite  varieties.  From  a  wish  to 
conform  to  the  popular  practice  respecting  this 
rock,  of  which  the  mere  mineral  characters  are 
not  much  varied,  these  distinctions  have  therefore 
been  introduced  into  the  Synopsis  in  a  more  con- 
spicuous manner  than  has  been  adopted  with 
r^^ard  to  any  other  substance. 
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SYNOPSIS  OF  JASPER. 


A.  With  a  dall  earthy  fracture,  and  pa<isiiig  into 
<^lay8toDe|  of  which  it  appears  to  be  a  modificatioD* 

This  yaries  much  in  colour,  but  the  term  is 

generally  limited  to  those  yarieties  which  posseai" 

decided  or  brilliant  hues.    Reds  and  yellows  are 

the  most  remarkable ;  but  it  also  occurs  of  grey, 

brown,  purplish,  and  greenish  tints. 

B.  More  indurated,  and  resembling  the  base  of 
certain  porphyries. 

a.  Simple,  and  of  one  colour,  green,  red, 

brown,  yellow,  or  even  black. 

As  this  substance  is  generally  collected  for 
the  sake  of  its  colour,  the  more  decided  tints  are 
commonly  found  in  cabinets,  but  it  occurs  of 
▼arious  hues. 

b.  Striped  with  different  colours,  in  conse- 

quence of  a  laminar  structure. 

The  Siberian  green  and  red  variety  belongs 
to  this ;  it  also  occurs  of  different  tints  of  red 
alternating,  or  of  greys,  or  of  other  colours.  The 
latter  are  also  enumerated  among  the  siliceous 
schists. 
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e.  Spotted,  or  variously  mottled,  in  conse^ 
quenee  of  a  concretioDary  spheroidal 
structure. 

The  Siberian  spotted  jasper  ranks  under  this 
▼miety.  The  most  common  colours.are,  reddish 
and  pale  ochre,  obscure  red  and  white,  and  brown 
and  ochre. 

C.  Highly  indurated,  with  an  aspect  approaching 
to  that  of  chert,  or  even  to  agate ;  into  which  it  passes, 
as  it  does  into  chert  and  quartz. 

a.  With  a  somewhat  granular  fracture. 

b.  With  a  granular  splintery  fracture. 

c.  With  a  splintery  fracture  passing  to  the 

conchoidal. 

d.  With  a   flat  fracture   passing  to  the 

large  conchoidal. 

The  two  latter  varieties  are  among  the  most 
esteemed,  as  assuming  the  beat  polish.  The 
colours  most  prevalent  are  reds  and  yellows, 
single  or  intermixed  in  various  ways.  The  va- 
rieties under  this  head  occur  chiefly  among  the 
primary  rocks. 

D.  Intermixed  in  various  ways  with  chalcedony 
either  white  or  coloured,  and,  apparently,  at  times 
passing  into  that  substance:  jasper^ag^te  of  lapidaries. 

The  ornamental  appearance  is  often  produced 


Digitized  by 


Google 


JA8PBR.  665 

by  the  veins,  and  as  these  become  nomerous  in 
proportion  to  the  base,  it  forms  brecciated  jaspers. 

The  colours  are  much  varied,  but  red  and 
yellow  with  white  or  colourless  veins,  are  the 
most  conspicuous. 

Sicily  appears  to  abound  in  the  most  beautiful 
specimens  of  this  variety. 

£.  Minutely  columnar  and  resembling,  except 
in  hardness,  the  columnar  ironstone.  Found  in  the 
Isle  of  Man. 

F.  With  a  conchoidal  fracture  and  resinous 
lustre :  pseudo-pitcbstone. 

These  have  been  generally  enumerated  among 
the  pitchstones,  as  already  remarked,  and  as  the 
colours  have  been  considered  important,  they  are 
here  made  a  ground  for  distinguishing  the  sub- 
varieties. 

a.  Pale  yellow. 

b.  Ochre  yellow. 
c«     Brick  red. 

d.  Brown,  and  purple  brown. 

e.  Green. 

f«     Mottled  with  different  colours. 

The  green  variety  is  coloured  by  chlorite,  and 
occurs  in  Iceland.  They  all  pass  into  clay,  and 
the  transition  is  often  found  even  in  hand  speci- 
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mens.  They  appear  to  occur  in  Tolcanic,  as  well 
as  in  trap  countries.  St.  Helena  and  St.  Vincent 
produce  examples  of  this  nature. 

Some  of  the  jaspers  appear  to  pass  into  com- 
mon opal,  as  they  do  into  agate,  but  these  transi- 
tions are  scarcely  legitimate. 
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Thb  diflGlcuIty  of  procaring*  accurate  informa- 
tion respecting  the  geological  connections  of  this 
rock,  in  the  works  of  foreign  authors,  and  the 
obrious  errors  that  have  followed,  from  confound- 
ing it  with  the  quartzose  argillaceous  schists, com- 
pel me  to  limit  the  following  remarks  to  my  own 
observations. 

The  reasons  for  placing  it  in  this  division 
require  no  further  explanation  than  that  already 
given  in  the  two  preceding  chapters. 

In  the  primary  class,  it  occurs  in  the  same 
situations  as  the  ordinary  argillaceous  schist  to 
which  it  is  so  nearly  allied,  and  it  also  passes  into 
that  rock  by  imperceptible  gradation.  Hence  its 
characters  vary,  not  only  according  to  the  d^ree 
of  its  induration,  or  the  perfection  of  its  structure, 
but  according  to  the  peculiar  quality  of  the  strata 
with  which  it  is  connected.     Like  jasper,  it  will 
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be  found,  that,  in  these  situations,  it  is  frequently 
in  the  immediate  vicinity  of  granite  or  of  por- 
phyry ;  or  that,  at  least,  the  actual  existence  of 
the  first  of  these  rocks,  or  the  former  existence  of 
the  last,  may  be  inferjned  where  they  are  not 
at  present  visible, 

in  the  secondary  class,  siliceous  schist  occu- 
pies situations  similar  to  that  which  jasper  does, 
,and  on  which  it  is  unnecessary  to  dwell ;  particu- 
larly, as  it  would  lead  to  geological  disquisitions 
iar  too  important  to  be  lightly  passed  over,  and  in 
a  great  measure  foreign  to  the  preseut  object.  It 
is  here  sufficient  to  say,  that,  in  these  cases,  it  is 
covered  or  intersected  by  trap  rocks,  and  con- 
nected with  shale,  into  which  it  passes  by  imper- 
ceptible transitions.  Hence  it  also  presente 
varieties  dependant  on  the  varying  character  of 
the  original  strata,  which  will  be  noticed  in  the 
Synopsis ;  and,  for  the  same  reason,  it  is  found 
associated  both  with  the  cherts  and  jaspers  that 
owe  their  origin  to  the  same  cause. 

From  the  circumstances  under  which  the 
siliceous  schists  occur,  both  in  the  primary  and 
secondary  classes,  the  stratified  form  is  nearly 
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always  present  in  both.  Yet,  in  both  instaaces, 
as  the  change  in  the  original  strata  may  be  pro- 
<kiced  by  the  passage  of  veins  of  granite  or  trap, 
as  well  as  by  the  contact  of  exterior  masses,  it  is 
easy  to  understand  how  this  substance  may  occur 
in  a  very  limited  manner,  or  in  portions  of  strata. 

It  moreover  happens  in  the  siliceous  schists 
of  the  secondary  class,  that  the  stratified  form 
diminishes  in  regularity  till  it  nearly  or  altogether 
disappears ;  in  which  case  they  have  sometimes 
been  confounded  with  the  basalts  to  which  ibey 
then  become  intimately  allied ;  giving  rise  to 
errors,  which  it  is  the  business  of  a  geological 
treatise  to  examine  in  a  manner  not  here  admis- 
sible. The  most  important  of  these  is  the  ima- 
ginary existence  of  oi^anic  remains  in  basalt. 

The  only  peculiarity  of  internal  structure  de- 
serving of  notice  which  occurs  in  the  siliceous 
schists,  within  my  observation,  is  the  spheroidal 
concretionary  ;  but,  as  far  as  I  have  observed,  it 
is  more  remarkable  in  the  secondary  than  in  the 
primary.  In  the  former,  it  is  common  in  Sky. 
and  in  the  Shiant  Isles,  the  original  and  con- 
nected strata  being  shale :  in  the  latter,  it  is  found 
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in  Scalpa,  in  the  schists  which  alternate  with  the 
primary  sandstone ;  and  it  is  more  particularly 
described  in  that  work  to  which  it  has  been  so 
often  found  necessary  to  refer  in  justification  of 
many  of  the  views  here  held  out. 

The  texture,  and,  consequently,  the  fracture 
of  siliceous  schist,  is  very  various.     In  the  pri- 
mary, it  is  often  similar  to  that  of  the  analogous 
primary  strata,  particularly  where  it  passes  into 
hornblende  schist ;  a  transition  which  sometimes 
occurs,  although  on  a  very  limited  scale.    In  the 
secondary,  the  texture  is  always  very  compact, 
although  the  aspect  of  the  fracture  varies  from 
that  of  common  flint  to  the  more  dull  appiearance 
of  compact  limestone.    The  form  of  the  fracture, 
in  the  primary  varieties,  presents  no  peculiarities; 
but,  in  the  secondary,  it  is  flat,  or  minutely  angular 
and  flat,  or  conchoidal,  or  perfectly  conchoidal, 
like  that  of  flint,  with  an  equal  degree  of  lustre. 

In  the  primary  varieties,  quartz,  or  mica,  may 
be  contained  as  constituent  minerals,  just  as  they 
are  in  the  unaltered  schist,  when  that  has  been  of 
a  compound  or  mixed  nature ;  but,  in  the  secon- 
dary, no  visible   mineral  has  yet  been  found, 
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ahbough  carbon  is  intimately  combined  with  it 
in  those  cases  where  it  has  originated  in  bitumi- 
nous shale. 

Organic  remains  sometimes  occur  in  the  se- 
condary varieties,  giving  rise  to  the  unfounded 
opinion,  already  noticed,  that  these  exisetd  in  ba^ 
salt,  for  which  this  rock  has  occasionally  been 
mistaken.  They  are  rare,  and  commonly  so  far 
altered  in  their  forms,  that  their  zoological  cha- 
racters cannot  be  assigned. 

The  colours  of  both  varieties  are,  most  com- 
monly, tones  of  grey,  varying  from  an  impure 
white  to  black ;  and  they  are  often  distinguished, 
in  the  same  specimen,  by  a  striped  disposition, 
the  consequence  of  laminar  alternation. 


SYNOPSIS  OF  SILICEOUS  SCHIST. 

HRST  DIVISION. 

Primary. 

A.    Simple  in  appearance,  and  resembling  clay 
slate,  but  distrnguisbable  by  its  extreme  hardness. 

o  o 
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B.  Coalaining  mica,  and  distinguishable,  in  (lie 
same  way,  from  the  micaceous  schists,  or  micaceo-ar- 
gillaceous  schists  (graywack(&),  which  it  otherwise  re- 
sembles. 

C.  Containiog  quartz  sand,  but  similarly  charac- 
terized by  its  extreme  induration* 

These  varieties  present  but  trifling  distinc- 
tions of  colour,  resembling  the  several  schistB 
from  which  they  are  derived.  As  they  vary  in 
the  degree  of  induration,  so  they  also  pass  gra- 
dually into  the  ordinary  micaceous  and  argiOa^ 
Veous  schists. 

SECOND  DIVISION. 
Secondary. 

A.  With  an  earthy  dull  fracture  and.  the  aspect 
of  shale ;  distinguishable  only  by  its  hardness. 

B.  The  fracture  somewhat  glossy;  more  indu- 
rated. 

These  two  varieties  retain  the  laminm*  struc- 
ture of  shale. 

C.  More  highly  indurated,  more  brittle  and  glossy; 
the  laminar  structure  disappemug,,  and  the  frmctme 
splintery  and  small  conchoidal. 

The  three  preceding  varieties  are  either  black, 
or  of  d^reot  shtades  of  gregr^    The  ^JSeat^mt 
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colours  are  sometimes  also  interlaminated.  They 
are  frequendy  also  interlamioated  with  chert  or 
with  granular  limestone,  for  reasons  already  des- 
cribed. 

D.  Extremely  brittle,  hard,  and  shining;  the 
firacture  large  or  small  oonchoidal,  and  the  fragments 
sharp  and  cutting. 

This  is  the  Lydian  stone  of  mineralogical 
writers,  and  is  ahnost  always  of  a  pure  black. 

£•  With  an  internal  spheroidal  strncture,  pro- 
dacing  a  botryoidal  surface  on  weathering. 

This  variety  differs  in  hardness  and  in  colour ; 
the  latter  is  black  or  grey. 

These  five  varieties,  being  derived  from  the 
shales  which  accompany  the  coal  strata,  occasion- 
ally contain  minute  shells,  sometimes  compressed 
and  ddbrmed,  as  already  mentioned. 

F.  Laminar,  with  alternate  colours,  and  forming 
some  varieties  of  the  striped  jasper  of  mineralogists. 
The  colowTi  are  eommoflrly  shades  of  red,  brown,yellow, 
and  purplish  black,  and  these  kinds  appear  to  be  de- 
rived from  the  coloured  shales. 

G.  Containing  imbedded  crystals  of  quartz,  and 
of  a  porphyritie  aspect. 

All  these  substances,  as  might  be  expected, 

aod  as  already  noticed,  pass  into  the  different 

ipcka  from  which  diej  are  derived. 

o  o  2 
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The  rock,  which,  according  to  the  views  al- 
ready held  out,  I  have  introduced  into  the  present 
arrangement  by  this  name,  is  so  like,  in  most 
cases,  both  in  external  aspect,  and  in  its  chemi- 
cal characters  and  composition,  to  the  mineral 
called  chert,  that  it  seemed  better  to  adopt  that 
term  than  to  invent  a  new  one. 

Its  analogy  in  origin  to  the  two  preceding 
rocks,  no  less  than  the  convenience  of  the  student, 
was  the  inducement  to  give  it  a  place ;  as  it  was 
impossible  to  consider  it  as  a  variety  of  those 
limestones,  or  sandstones,  with  which  it  is  par- 
ticularly connected.  The  reader  will  easily  dis- 
oover  that  it  is  mentioned  in  the  writings  of 
Saussure,  although  he  has  not  traced  its  true 
affinities  as  if  he  bad  been  fully  aware  of  their 
nature. 

To  describe  tiie  geological  connections  of 
this  rock,  would  be  to  repeat  much  of  that  wfaicb 
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stated  in  the  two  preceding  chapters ;  and  it 
will  abbreviate  the  account  of  its  history,  to  say, 
that  it  bears  the  same  relations  to  the  ai^IIo* 
siliceous  limestones,  or  the  calcareous  sandstones, 
that  the  siliceous  schists  do  to  slate  and  shale. 

It  occurs  tlierefore  among  the  primary  strata ; 
yet  rarely,  as  the  primary  limestones  are  generally 
so  pure  as  only  to  undergo  a  change  to  the  crys- 
talline texture,  by  those  causes  which  convert  the 
argillaceous  varieties  into  chert.  For  the  same 
reasons,  nearly,  it  forms,  among  the  primary 
rocks,  very  limited  masses;  occurring  chiefly, 
if  not  only,  in  those  cases  where  granite  or  por- 
phjTy  are  in  contact  with  limestones  of  the  chaj 
racter  just  mentioned. 

Among  the  secondaiy  strata,  it  is  often  found 
in  extensive,  portions;  passing  into  the  common 
limestone  by  intermediate  stages  of  induration, 
or  forming  entire  strata,  varying  in  character 
according  to  the  circumstances  under  which  it  ia 
associated  with  the  accompanying  trap  rocks,  or 
according  to  the  previous  composition  of  the 
original  limestone.  In  these  cases,  it  is  generally 
associated  with  siliceous  schist,  as  the  unchanged 
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calcareous  strata  are  with  s^iale.  Where  it  is  tbe 
result,  merely  of  the  passage,  of  trap  yeins,  it  is 
limited  to  a  short  space  from  the  contact  of  these, 
wd  passes  gradually  into  the  ordinary  strata 
whence  it  is  derived. 

In  those  instances  where  chert  originates  in 
the  change  of  beds  of  calcareous  or  calcareo* 
argillaceous  sandstone,  it  sometimes  forms  exten- 
sive masses,  or  involves  a  considerable  series  of 
strata,  varying  in  character,  and  oflen  approach- 
ing in  aspect  to  quartz :  and,  in  scnne  cases,  as 
may  easily  be  understood,  where  the  original 
limestone  is  highly  argillaceous,  it  approximates, 
either  to  jasper,  or  to  siliceous  schist,  according 
to  circumstances ;  so  that  it  might  sometimes  be 
as  properly  referred  to  either  of  these.  It  will 
illustrate  the  present  views  of  its  orifzrin,  to  remark, 
that  where  a  vein  or  mass  of  trap  is  in  contact 
with  different  strata  of  limestone  varying  in  cha- 
racter, the  purer  varieties  become  crystalline, 
while  the  impure  are  converted  into  chert. 

The  only  variety  of  concretionary  stmctore  it 
has  hitherto  presented,  is  the  spheroidal ;  and  it 
is  a  remarkable  fact,  that  this  occurs  under  si- 
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stances. 

The  texture^  and  the  corresponding  fracture  of 
this  rock,  rary  in  different  specimens,  and  chiefly 
according  to  the  perfection  of  its  character,  or  to 
the  degree  in  which  it  differs  from  the  limestones 
and  sandstones  from  which  it  has  originated .    I'he 
textnre  is,  therefore,  more  or  less  compact  and 
uniform,  and  the  fracture  either  dull  and  earthy, 
or  smooth.     The  form  of  the  fracture  is  always 
{dain,  or  conchoidal,  on  a  large  or  small  scale ; 
and,  in  those  specimens  which  are  highly  com- 
pacted, the  conchoidal  fracture  is  genei'ally  very 
perfect,  and  the  lustre  considerable,  but  resem- 
bling that  of  the  most  compact  limestones.    It  is 
further  a  remarkable  part  of  its  character,  that, 
although  generally  yielding  with  the  greatest  dif- 
ficulty to  the  hammer  in  the  larger  masses,  the 
smaller  fragments  often  fly  asunder  with  great 
violence,  and  present  cutting  edges  as  shaq>  as 
glass.    To  compare  its  fragments  to  those  of  pot- 
tery and  porcelain,  is  to  convey  the  most  accurate 
idta  that  can  be  given  o>f  this  part  of  the  charac- 
ter of  these  particular  varieties. 
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As  it  sometimes  originates  in  secondary  lime- 
stones, in  this  latter  case  it  might  be  expected, 
like  the  associated  siliceous  schists,  to  contain 
organic  remains;  but  these  have  not  yet  been 
discovered  in  it.  That  feet  however  need  excite 
no  surprise ;  as,  in  those  cases  where  the  second* 
ary  limestones  lose  the  stratified  disposition  and 
earthy  texture,  so  as  to  become  massive  and  crys- 
talline, these  bodies  invariably  dis^appear. 


SYNOPSIS  OF  CHERT. 

FIRST  DIVISION. 
Simple. 

A.  With  an  earthy  aspect  resembling  that  of  tbe 
secondary  limestones;  the  fracture  rough,  scarcely 
granular. 

B«  With  a  similar  dry  aspect ;  the  fracture  splin- 
tery, passing  to  the  next  variety. 

C.  With  a  distinctly  concboidal  fracture. 

D.  With  a  laminated  structure. 

E.  With  an  internal  spheroidal  structure,  scarcely 
discoverable  except  after  weathering. 
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F.  With  a  MDoolh  glisteoing  fracture,  angular 
and  sharp ;  extremely  sonorous,  brittle,  aad  translu- 
cent on  the  edges. 

G.  With  the  aspect  of  chalcedonic  quartz,  and 
passing  into  it. 

Some  examples  of  this  variety  have  been 
called  stratified  quartz.  It  originates  in  calca- 
reous sandstones. 

SECOND  DIVISION. 

Compound. 

A.  CoDtaiaing  interspersed  crystals  of  quartz, 
or,  occasionally,  of  glassy  felspar,  and  thus  somewhat 
porphyritic. 

The  colours  of  this  suiistance  are  various.  It 
IS  most  commonly  pale,  or  smoke  grey,  more 
rarely  dark  grey,  someliraes  of  a  dull  white. 
It  is  occasionally  reddish  brown,  or  purple  brown, 
or  nearly  black,  or  mottled  of  several  colours. 

It  passes  at  one  extreme  into  limestone,  or 
into  quartz,  according  to  its  origin,  and  occasion- 
ally presents  an  appearance  of  crystalline  plate 
interspersed. 
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I  have  been  under  the  necessity  of  introduc- 
ing into  this  chapter,  as  a  sort  of  appendix,  a  rock 
for  which  no  other  pa]*t  of  the  arrangement  offers 
a  place ;  although  it  differs  in  many  respects  from 
the  substancei^  contained  in  the  preceding  cata- 
logue. As  also  it  has  been  called  a  chert  by  the 
authors  who  have  described  it,  die  student  will 
naturally  turn  to  this  division  for  it.  It  is  the 
cavernous  siliceous  rock  of  the  fresh-Mater  de- 
posit of  Paris,  to  which  the  name  of  Burr-stone 
is  popularly  applied.  If  these  deposits  shall 
hereafter  call  for  a  separate  place  in  a  geolc^cal 
classification,  it  will  be  easy  to  amend  this  de* 
fective  part  of  the  present  arrangement 
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Although  it  is  mentioned  in  a  former  part 
of  this  work,  that  gypsum  has  been  found  among* 
the  primary  rocks,  that  occurrence  is  very  rare ; 
nor  do  the  examples  quoted  seem  to  have  been 
such  as  to  have  satisfied  the  discoverer,  Saussure, 
respecting  its  primary  nature.  On  this  subject, 
it  is  better  to  wait  for  further  information,  than 
to  trurt  to  unsatisiactoiy  statements  by  the  re- 
porters of  the  opinions  of  others. 

In  the  secondary  class,  it  occurs  chiefly  in 
company  with  that  sandstone  called  by  English 
geologists  the  red  marie ;  and,  in  this  manner,  it 
is  found,  not  only  in  England,  but  in  different 
parts  of  the  continent  of  Europe.  It  also  forms 
a  conspicuous  member  of  diat  peculiar  district 
around  Paris,  which  is  supposed  to  have  been 
deposited  under  the  waters  of  an  inland  lake. 
In  this  situation,  it  is  accompanied  by  sand,  marie, 
and  other  substances,  in  repeated  strata. 
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In  the  inferior  strata,  it  also  occurs  in  inde- 
pendent masses,  as  well  as  in  the  stratified  form. 
As  the  variations  of  texture  form  the  only  varie- 
ties which  it  presents,  they  are  noticed  as  such  in 
the  Synopsis. 

Organic  remains  of  great  interest  are  found  in 
the  gypsum  of  the  Paris  freshwater  deposit. 
These  are  the  bones  of  various  terrestrial  animals, 
of  extinct  species  and  genera ;  besides  which  it  also 
contains  shells,  and  remains  of  fish  and  of  vege- 
tables. 


SYNOPSIS  OF  GYPSUM. 

A.  Granular. 

a.  Tender. 

b.  Compact,  the  alabaster  of  artists. 

The  first  of  these  varieties  is  white,  or  grey,  or 
red  ;  the  second  is  either  white,  or  mottled  and 
veined  with  grey,  yellow,  and  brown. 

B.  Fibrous,  sometimes  rather  dull,  often  highly 
splendent. 

C.  Platy,  either  on  a  somewhat  large  scale,  or 
approaching  to  the  large  g^nular. 
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The  minerals  that  haye  been  found  imbedded 
in  gypsum,  are  quartz,  arragonite,  boracite,  and 
sulphur. 

Anhydrous  gypsum  appears  rather  to  apper- 
tain to  a  mineral  classification,  than  to  claim  a 
place  among  rocks,  and  it  is  therefore  omitted. 
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Although  most  of  these  haye  already  been 
mentioned  in  a  more  or  less  distinct  manner, 
under  the  several  rocks  with  which  theyoccnr, 
it  appeared  expedient,  as  already  remarked,  to 
collect  the  whole  into  one  general  view.  The 
repetition  hence  produced,  will  be  compensated 
by  the  hciMty  of  reference  thus  afforded  ;  while 
many  of  the  most  important  varieties,  will  also 
be  more  particularly  described,  together  with 
others  which  must  otherwise  have  been  omitted 
altogetiber. 

Some  of  the  con^omerates  occupy  extensive 
spaces  in  nature,  while  others  are  exceedingly 
limited ;  and  they  occur,  as  must  dready  have 
been  perceived,  both  among  die  primary  and  the 
secondary  strata.  Those  which  are  found  in 
veins,  are  described  under  the  title  of  veinstones.  . 
These  rocks  may  be  divided  into  two  kinds, 
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the  geDeral  and  the  local ;  and  these  are  com- 
monly  rery  distinct,  both  in  their  geological  and 
mineral  characters. 

The  general  conglomerates  form  porlicHW  of 
those  mixed  rocks,  of  which  the  origin  is  chieflj 
mechanical;  being  constituted  from  the  larger 
iragmente  of  those  substances,  whkht  by  a  more 
minute  attrition,  have  furnished  the  matariala  of 
the  finer  strata.  Thus  they  necessarily  contain 
various  rocks,  simple  or  compound ;  all  of  these 
being  obviously  of  a  more  antient  date  than 
themselves.  The  red  sandstones,  and  the  ai^t- 
lacQous  schists,  contain  examples  of  this  division. 
The  materials  are  comnotonly  united  without  any 
^tifltinct  intervening  cement  of  a  crystalline  natwe, 
particularly  in  the  secondary  class ;  and  th«  firag- 
ments  are  almost  always  more  or  less  rounded. by 
attrition.  Though  tb^  aometimes  form  mere 
portion*  of  the  finer  rocks  whidi  ^y  attCMo- 
pany,  they  are  also  frequently  found  in  exteasive 
strata  of  great  depdi. 

The  local  conglomerates  are  comparatively  of 
very  limited  extent.  They  gennally  amstitnle 
superficial  portions  of  son^e  simple  rock,  and  are 
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most  various  and  remarkable  in  the  limestones. 
Hence  their  composition  is  regulated  by  that  of 
the  rock  to  which  they  are  united ;  but,  in  some 
cases,  where  they  lie  between  two  rocks  of  dif- 
ferent natures,  they  contain  fragments  of  both. 
Such  Augments  are  generally  angular,  and,  in 
many  cases,  so  little  displaced,  that  the  tmagina^ 
tion  easily  restores  them  to  their  proper  situa- 
tions. The  geological  difference  of  these  and 
the  preceding,  are  therefore  chiefly  this;  that 
the  latter  remain  in  the  places  where  their  inte- 
grant  parts  were  formed,  while  the  constituents 
of  the  former  have  undergone  a  transportation 
more  or  less  considerable.  The  simple  fracture 
and  reunion  of  strata,  account  for  the  formation 
of  the  local  conglomerates ;  while  the  general 
have  originated  in  geological  revolutions  of  a 
highly  important  and  extensive  nature.  They 
are  the  consolidated  alluvia  of  a  previous  state 
of  the  globe.  The  mineral  difierences  consist  in 
the  comparatively  small  number  of  the  sub- 
stances that  enter  into  the  local  alluvia.  These 
also  are  frequently  united  by  a  distinct  cement, 
either  of  fine  mnterials  and  therefore  partly  me . 
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chaiiical,  or  of  crystalline  matter ;  this  latter  case 
commonly  occurring  in  the  calcareous  conglo- 
merates. 

The  conglomerates  of  the  trap  rocks  are  often 
distinguished    by   peculiar  geological  features, 
which  cannot  be  discussed  in  this  place  as  they 
deserve.    Although,  in  one  sense,  strictly  local, 
their  cinion  is  often  effected  by  operations  pecu- 
liar to  the  rocks  that  form  this  family,  and  differ- 
ing from  those  by  which  the  consolidation  of  the 
other  local  conglomerates  is  produced.    These 
sometimes  contain  bituminized  wood,  and  other 
organic  remains.     When  firmly  compacted,  they 
have  thus  led  to  an  erroneous  train  of  reasoning 
respecting  the  origin  of  the  trap  rocks  in  general. 
In  that  circumstance  they  bear  no  resetablance 
to  these  rocks,  as  they  are  evidently  of  more 
recent  date,  formed  from  their  ruins,  and  con* 
solidated  under  the  action  of  water. 
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SYNOPSIS  OF  THE  CONGLOMERATE 
ROCKS. 

FIRST  DIVISION. 
Consisting  of  fragments  of  one  rock,  either 
imbedded  in  a  continuous  base  of  the  same  sub- 
stance^  or  reunited  chiefly  by  minuter  fragments, 
or  united  by  veins  of  carbonat  of  lime  or  of 
quartz. 

A.  Consisting  of  limestone  alone:  local. 

a.  With  angular  fragments. 

This  variety  is  found  both  among  the  primary 
and  secondary  rocks.  It  includes  the  ornamental 
breccia  marbles,  and  is  local,  and  attached  to 
some  simple  limestone*  The  union  is  chiefly 
eflected  by  carbonat  of  lime. 

b.  With  rounded  fragments. 

This  does  not  often  occur  in  extensive  strata 
or  masses,  and  is  not  attached  like  the  former : 
it  is  formed  of  transported  materials.  These 
may  be  either  primary  or  secondary.  In  the 
latter,  the  progress  of  consolidation  can  some- 
times be  traced. 
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fiL  Consktiiig  of  fragtneDtt  of  quartz  alone,  or 
rather  of  quartz  rock,  UQited  in  variona  ways. 

a.    With  angular  Aragments. 
This  is  a  local  conglomerate  connected  with 
qoartz  rock,  and  therefore  primary.    Occurs  in 
Aberdeenshire  near  granite^ 

h     With  rounded,  or  angular  and  rounded 
fragments  together. 

This  forms  one  of  the  varieties  of  quarts 
rock,  under  which  it  is  enumerated. 

C.  Consisting  of  fragments  of  jasper  tinited  by 
quartz  or  chalcedony:  fragmented  agate. 

This  is  enumerated  among  the  yeinstones, 
but  it  appears  to  occur  also  as  a  local  conglo-* 
merate  attached  to  the  jaspers. 

D.  Consisting  of  fragments  of  gneiss,  of  difierent 
sises,  united  by  agglutinalioo. 

This  is  local,  attached  to  gneiss,  and  often  the 
firpt  bed  of  the  primary  sandstone,  where  that 
follows  gneiss.  It  is  ,of  course  primary,  ftnd 
occurs  in  Scotland  in  various  places  on  the  west 
coast. 

F»  Consisting  of  fragments  of  argillaceous  schist, 
reunited  by  minuter  particles  and  by  clay,  or  imbedded 
in  a  continuous  schist. 
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This  is  primary  and  local  in  some  cases,  as  in 
Kerrera,  and  is  noticed  under  the  head  of  Argil- 
laceous Schist.  It  also  however  occurs  as  a 
secondary  rock ;  the  parts  having  been  trans- 
ported, but,  from  their  nature,  being  incapable  of 
showing  decided  marks  of  that  transportation. 
It  is  thus  found  in  the  Isle  of  Man. 

F.  Consisting  of  chlorite  schist,  and  formed  in 
the  same  manner  as  the  last  variety :  local. 

This  rock  is  primary,  and  accompanies  com- 
mon chlorite  schist.  Although  it  is  to  be  ex- 
pected that  siniilar  conglomerates  of  micaceous 
schist  will  be  found,  they  have  not  as  yet  fallen 
under  my  observation. 

G.  Fragments  of  the  different  trap  rocks  re- 
united by  finer  particles  of  the  same. 

a.  With  angular  fragments. 

Trap  tuff  and  noticed  tinder  the  head  of  the 
Overlying  Rocks ;  localr 

b.  With  rounded  and  angular  fragments 

together. 

This  is  a  conglomerate  of  transported  mate- 
rialst  hut  is  limited  to  the  vicinity  of  trap  rocks, 
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and  is  of  partial  occun'ence.       It  is  found  in 
Canna  and  elsewhere. 

These  rocks,  as  far  as  can  be^  determined,  are 
secondary,  but  they  may  also  be  primary  when- 
ever the  rocks  to  which  they  are  attached  can  be 
proved  to  belong  to  this  class.  They  pass  into 
the  red  sandstone  at  Oban  and  at  Dunkeld,  and 
thus  form  general  conglomerates. 

SECOND  DIVISION.' 
Consisting  of  two  substances  or  rocks  united 
in  modes  analogous  to  the  varieties  of  the  First 
Division. 

A.  Serpentine  and  limestone,  or  calcareous  spar : 
locaK 

This  includes  the  ornamental  substance  known 
by  the  name  of  verde  fuitico,  already  mentioned. 
It  is  necessarily  primary.  The  ordinary  varieties 
are  connected  with  serpentine,  or  lie  between  that 
rock  and  limestone. 

The  situatiop  of  the  verde  antico  is  not 
known.  Anglesea  affords  an  accessible  example 
of  a  corresponding  nature. 

B.  Fragments  of  argillaceous  schist  with  lime- 


stone. 
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a*    The  argillaceous  schist  imbedded  in  thw 

limestone, 
b;    A  confused  mass  of  fragments  of  botb 

substances. 
c.    Fragmenits  of  limestone  imbedded  id 

argillaceous  schist. 

These  rocks  belong  to  the  primary  class. 
Some  of  them,  as  that  of  Sienna,  are  known 
among  the  ornamental  marbles.  They  accom- 
pany limestone  and  schist  when  these  approxi- 
mate cmd  alternate,  and  are  found,  m  this  country, 
in  Isla,  anjd  in  the  Garveloch  Islands.  It  is  unne- 
cessary to  form  a  title  to  include  similar  com- 
pounds of  shale  and  limestone,  as  they  are  in 
every  respect  the  same.  They  are,  however, 
rare ;  and  of  course  appertain  to  the  secondary 
rocks. 

C*    Fragments  of  limestone  imbedded  in  mica- 
ceous schist:  local. 

This  variety  occurs  in  cases  where  limestone 
accompanies  micaceous  schist,  and  is  found  in 
ftila. 

D.    Fragments  of  granite  with  micaceous  schist 
or  gneiss:  local. 
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a*    The  fragments  of  granhe  imbedded, 
b.    An  aggregation  of  fragments  of  granhe 
and  of  micaceous  schist  or  gneiss. 

These  occur  in  Scotland  near  granite. 

£•  Granite  uniting  fragments  of  the  same  rocks, 
and  presenting  similar  modifications. 

Where  micaceous  schist  or  gneiss  approxi- 
niate  to  granite,  the  latter  often  contains  frag- 
ments  of  those  rocks  in  such  abundance  as  to  put 
on  the  appearance  of  a  conglomerate.  This  is 
common  in  Rannoch  and  in  Aberdeenshire. 

F.  Quartz  imbedded  in  limestone:  local. 

a.  In  angular  fragments. 

b.  In  rounded  pebbles. 

These  occur  both  among  the  primary  and  the 
secondary  rocks;  in  the  latter,  in  Arran  and 
elsewhere. 

G.  Trap  imbedded  in  limestone,  and  in  the  accom- 
panying shale ;  local. 

The  trap  is  in  rounded  nodules,  generally 
bearing  the  marks  of  weathering  on  the  surface. 
These  occur  with  the  secondary  limestones,  in 
Sky  and  elsewhere. 

H.  An  aggregate  of  fragments  of  argillaceous 
schist  and  chlorite  schist :  local. 
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This  occurs,  but  in  limited  quantity,  where 
these  two  rocks  are  associated. 

I.    Sandstone  with  quartz. 

a.  The  quartz  in  angular  fragments. 

b.  The   quartz   in   rounded    nodules  or 

united  with  angular  fragments. 

K.    Sandstone  and  limestone  united. 

a.  Fragments  of  sandstone  imbedded  in 

limestone. 

b.  Fragments  of  limestone  imbedded  in 

sandstone. 

c.  A  congeries  of  fragments  of  these  two 

rocks. 

These  are  general  tonglomerates,  and  belong 
to  the  secondary  sandstones,  but  chiefly  to  the 
lowest.  They  are  enumerated  under  the  heads 
of  the  respective  rocks  to  which  they  belong,  and 
of  which  they  form  constituent  portions. 

L.  Sandstone  and  argillaceous  schist,  or  shale, 
united :  general.  The  fragments  of  the  schist  are  com- 
monly imbedded  in  the  sandstone.  Belongs  like  I  and 
K  to  the  different  sandstones,  where  it  is  also  enume* 
rated. 

THIRD   DIVISION. 

Consisting  of  three  or  more  substance  or 
rocks  united. 


Digitized  by 


Google 


CONGLOMERATE    ROCKS.  685 

These  are  the  most  commoD,  and  they  con- 
sist of  fragments,  rounded  or  angular,  or  both, 
united  by  means  of  clay,  sand,  and  gravel, 
derived  from  the  same  substances. 

A*    FragmeDts  of  quartz,  and  of  a  greater  or  less 
number  of  the  primary  rocks,  united. 

This,  under  various  states,  forms  conglome- 
rates, attached  to  the  sandstones,  and  is  noticed 
under  those  heads.  It  is  either  primary  or  secon- 
dary, but  the  former  contains  a  more  limited 
variety  of  ingredients  than  the  latter. 

B.  Fragments  of  a  greater  or  less  number  of  the 
primary  rocks  with  limestone. 

These  conglomerates  appear  to  be  connected 
cbiefly  with  the  lowest  red  sandstone. 

C.  'Fragments  of  a  greater  or  less  number  of  the 
primary  rocks  with  trap. 

This  conglomerate  is  analogous  in  geological 
situation  to  var.  A  of  this  division,  and  is  found 
in  those  places  where  trap  rocks  exist.  It  forms 
a  large  tract  near  Oban. 

D.  Fragments  of  granite,  limestone,  quartz,  and 
gneiss,  imbedded  in  micaceous  schist. 

This  is,  geologically,  the  same  as  var.  C,  D, 
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of  the  second  divisiont  and  occurs  in  the  same 
places. 

£•  Fragments  of  various  primary  roeks,  or  of 
secondary  rocks,  or  of  both,  with  fragments  of  trap* 

This  is  a  trap  conglomerate  of  recent  origin, 
analogous  to  var.  G,  first  division. 

Organic  remains  are  found  in  some  of  the 
conglomerates,  but  only  in  those  of  the  most 
recent  origin:  seldom  in  those  of  the  lo  west  sand^ 
stone  series.  Bituminized  wood,  as  already 
noticed,  occurs  in  those  which  contain  fragments 
of  the  trap  rocks. 

The  finer  conglomerates  of  some  of  the  preced- 
ing varieties,  both  primary  and  secondary,  have 
also  been  distinguished  by  the  term  grey  wack^ 
and  are  iH>ticed  under  the  head  of  argiUaceous 
schist. 
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As  these  are  frequently  causes  of  doubt,  or 
sources  of  difficulty,  to  inelL|>erienced  geologists, 
it  will  not  be  superfluous  to  give  a  slight  sketch 
of  them  after  the  conglomerates,  to  Which  they 
are  so  nearly  allied.  When  they  are  found  in 
veins,  they  readily  explain  their  own  origin  ;  but 
they  sometimes  occur  in  situatrons  where  their 
real  connections  cannot  be  traced,  and  may  thus 
be  confounded,  without  due  attention,  With  the 
more  general  conglomerates,  or,  occtoionally, 
even  with  the  compound  rocks  that  form  etten- 
sive  beds.  In  a  work  that  aims  to  be  useful 
without  pretending  to  be  rigidly  systematical,  the 
allotment  of  a  place  for  these  iatccidehtal  stab^ 
stances  will  be  excused. 

The  larger  veins  which  occur  among  iMks, 
are  commonly  filled  with  fragments  6f  th6  incltid- 
iiig  strata^  united  with  various  nodnends,  eHrihfj 
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or  metallic,  and  under  every  possible  modifica- 
tion of  form  and  mixture.  The  knowledge  of 
these  which  the  student  of  rocks  is  presumed  to 
possess,  will  enable  him  to  determine  the  nature 
of  such  mixtures ;  while  their  real  nature  may 
generally  be  decided,  by  their  containing  those 
mineral  substances,  whether  earthy  or  metallic, 
which  are  known  not  to  enter  as  constituents  into 
beds  of  rock. 

1  o  attempt  a  complete  catalogue  of  such  vein- 
stones, would  be  to  make  a  tedious  enumeration 
of  possibilities ; .  as  they  are  necessarily  infinitely 
varied,  and  cannot  well  be  connected  by  any  gene- 
ral rules.  It  will  be  sufficient  to  remark,  that  the 
fragments  which  they  contain  may  vary  infinitely 
in  size,  disposition,  and  mixture,  and  that  they 
ipust  necessarily  consist,  in  some  place  or  other, 
of  every  rock  in  which  veins  are  known  to  exist* 
The  cementing  ingredient  must  also  be  as  various 
as  are  the  minerals  that  occur  in  veins.  But  it 
may  be  remarked,  that  v<sinstones  are  generally 
to  be  distinguished  from  all  other  mechanical 
nuxtures  of  rock,  by  the  ^istence  of  occasional 
vacuities  among  the  fragments,  or  of  crystals,  or, 
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lastly,  by  a  laminar  or  venous  disposition  of  the 
mineral  substances  which  they  contain. 

Besides  these  venous  rocks,  of  which  the 
origin  can  commonly  be  traced,  it  is  not  uncom- 
mon to  find,  among  masses  of  bedded  or  unstra- 
tified  rocks,  other  mechanical  mixtures  of  similar 
character,  which  cannot  decidedly  be  traced  to 
their  original  situations.  ^  These  may  generally 
be  recognized  to  be  derived  irom  corr^ponding 
sources,  by  peculiarities  of  an  analogous,  thoug^h 
of  a  less  decided  nature.  They  are  sometimes  the 
produce  of  veins  also,  of  a  less  conspicuous  cha- 
racter, and  less  distinguished  by  the  variety  of 
their  ingredients.  In  many  cases,  they  result 
from  the  fracture,  and  consequent  sliding  or  sepa- 
ration, of  a  mass  of  rock.  In  sucK  instances,  a 
species  of  imperfect  vein  is  formed,  containing 
fragments  of  the  separated  masses,  reunited  by 
minute  fragments  of  the  same  and  by  clay,  or  by 
die  subsequent  infiltration  of  the  only  two  mine- 
rals which  appear  still  to  exist  in  a  state  of  occa- 
sional solution,  namely,  quartz,  and  carbonat  of 
lime. 

In  some  rare  instances,  of  which  two  have  been 


Digitized  by 


Google 


590  TBI198T01fE9. 

pointed  OQt  in  the  authoi^s  work  on  the  Westetn 
Islands,  veins  of  an  entirely  different  natore  have 
been  observed,  consistingof  rounded  fri^fments  of 
diffisrent  substances,  compacted  into  a  solid  conglo- 
m»ate,  and  resembling  many  of  those  which 
were  described  in  the  last  article.     Where  one  of 
the  including  walls  of  such  a  vein  has  fallen  away, 
it  presents  the  unexpected  appearance  of  a  bed  or 
stratum  of  conglomerate,  at  angles  to  the  strata  in 
which  it  lies.     It  is  important  to  point  out  this 
variety ;  as  it  might  otherwise  nudead  a  geologist, 
so  as  to  give  rise  to  erroneous  conclusions.     It  is 
evident  that  it  must  have  arisen  fromthe  consoli- 
dation of  loose  materials  which  have  casually 
iailen  into  open  fissures. 

It  is  lastly  interesting  to  remaH(,  that  die  con- 
glomerate veins  which  are  occasional^  found 
i4nong  the  rocks  of  tibe  trap  family,  and  which  are 
formed  of  their  fragments,  sometimes  contain  or- 
ganic substances,  namely,  portions  of  bituminized 
wood,  or  of  lignite.  A  very  reoiarkable  instance 
of  this  nature  occurs  in  Mul  I ,  where  a  large  portion 
of  a  tree  is  thus  situated.  Erroneous  conclusioiifl 
respecting  the  origin  of  the  trap  family,  have  thus 
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abo  bera  sometimes  formed ;  but  into  the  pecu- 
liar circumstances  under  which  this  occurrence 
has  taken  place,  I  must  not  here  enter. 

It  is  obviously  unnecessary,  as  already  stated, 
to  give  a  catalogue  of  all  these  possible  combi* 
nations,  as  there  can  be  no  difficulty  in  distin* 
guishing  them,  as  &r  as  any  useful  purpose  is  con- 
cerned, by  the  examination  of  their  constituent 
parts.  They  may  be  arranged  bowerer,  in  a 
general  ffianner,  if  that  is  tiiought  necessary, 
according  to  the  following  division. 


SYNOPSIS  OF  VEINSTONES. 

FIRST  DIVISION. 

Angular;  or  consisting  of  untransported  frag- 
ments of  the  adjoining  rocks. 

A.  Fragments  of  different  kinds,  cemented  by 
quartz. 

B.  Similar  fragments,  cemented  by  carbonat  of 
lime. 

C.  Larger  fragments  cemented  by  a  mass  of  simi- 
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lar,  but  finer  materials :   sometimes  with  a  certain  prcH 
portion  of  quartz,  or  of  carbonat  of  lime,  or  of  both. 


SECOND  DIVISION. 

Formed  of  materials  more  or  less  altered  by 
friction,  and  bearing  the  marks  of  transportation 
or  motion. 

A«  Conglomerates,  formed  of  different  substances 
often  much  rounded, 

B.  Conglomerates,  of  a  fine  or  coarse  texture, 
consisting  of  yarious  fragments  of  trap  rocks* 

These  resemble  many  of  the  tufaceous  con- 
glomerates of  tibis  family  that  are  not  found  in 
veins. 
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APPENDIX. 


VOLCANIC  ROCKS. 


Thb  general  history  of  volcadoes  iis  to6  uni- 
versally known  to  require  any  notice  in  this  place. 
But,  although  it  might  be  supposed  easy  to  pro- 
nounce on  the  volcanic  nature  of  any  rock,  from 
its  connection  with  such  mountains,  geologists 
are  by  no  means  agreed  respecting  the  substances 
to  which  they  attribute  this  origin.  That  uncer- 
tainty has  arisen  from  various  causes.  Matiy 
observers  have  differed  respecting  those  rocks 
which  they  suppose  to  have  formed  parts  of  the 
mountain  previous  to  the  existence  of  fire,  and 
those  which  they  chuse  to  attribute  to  its  action. 

Q  Q 
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Where  volcanoes  have  been  long  extinct  and 
some  of  their  most  characteristic  marks  have  dis- 
appeared, similar  doubts  have  prevailed  on  this 
subject,  even  in  a  greater  degree.  But  it  will  be 
found  that  the  chief  confusion  has  arisen  from 
prejudices  respecting  the  trap  rocks,  which  9ome 
of  these  observers  have  thought  fit  to  attribute  to 
an  aqueous  origin.  Many  of  the  unquestionably 
volcanic  rocks,  so  much  resemble  these  in  char 
racter,  that  it  became  necessary  to  deny  them 
an  igneous  origin  also ;  since  that  was  supposed 
to  be  decided  by  circumstances  which  are  not 
always  present  in  the  volcanic  rocks.  Hence, 
chiefly,  that  incurable  confusion  which  reigns 
in  the  descriptions  of  writers  on  this  subject, 
and  which  the  author's  want  of  experience  in 
volcanic  countries,  does  not  permit  him  to  e\v^ 
cidate,  or  remove. 

That  more  correct  theoiy  of  the  trap  rocks, 
which  now  begins  so  generally  to  prevail,  will 
hereafter  remove  xmny  of  these  obscurities ;  when 
unprejudiced  obseiTers,  habitimted  to  the  various 
appearances  displayed  by  these,  shall  turn  th^r 
serious  attention  to  the  study  of  volcanoes.    It  is 
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probable,  however,  that  another  set  of  difficul- 
ties will  always  exist :  they  may  even  be  increased  { 
since,  if  the  trap  rocks  are  of  a  local  or  partial 
nature',  and  the  produce  of  actions  similar  to  those 
now  present  in  existing  volcanoes,  it  is  by  no  means 
improbable  that  they  may  occupy  the  same  places^ 
as  some  of  them  actually  appear  to  do,  and  that 
the  produce  of  th^  distant  and  the  recent  opera* 
tio«»  of  fire,  will  thus  be  confounded.  But,  on 
&is  interesting  part  of  geology,  it  is  not  here  pos- 
sible to  proceed  to  any  further  discussion. 

From  the  imperfect  and  often  prejudiced  de- 
scriptions of  writers,  it  is  therefore  impossible  to 
know  under  what  different  forms  the  volcanic 
rocks  actually  exist.  But  those  are,  on  all  hands, 
admitted  to  belong  to  this  division,  which,  how- 
ever antient,  are  connected  with  existing  or  ex- 
tinct volcanoes  in  the  form  assumed  by  currents 
o^  modem  lava. 

The  extent  of  these  rocks  is  extremely  vari- 
able, as  are,  necessarily,  their  forms  and  disposi- 
tion ;  these  circumstances  depending  on  the  form 
of  the  grouiid  over  which  they  have  iflowed,  and 
no  the  quantHy  and  the  nature  of  the  materials. 
Q  Q  2 
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In  the  same  place  they  are  often  repeated  in  sim- 
ple alternations,  having  originated  in  successire 
.  eruptions ;  or  else  they  are  found  forming  alter- 
nations of  solid  rock  with  various  loose  matters. 
.  These  loose  materials,  which  constitute  a 
principal  division  of  the  volcanic  substances, 
consist  of  various  rocks,  more  or  less  altered  by 
fire,  and  often  reduced  to  powder,  in  which  case 
they  have  improperly  been  termed  ashes.  Be- 
sides these,  volcanoes  are  known,  in  certain  cases, 
to  eject  water ;  and  the  deposits  then  form  mud, 
which,  on  drying,  is  consolidated  into  a  tufaceous 
or  clayey  mass. 

Respecting  the  modes  of  structure  in  these 
rocks,  it  is  unnecessary  to  enter  into  minute  de- 
tails; as  it  would  be  merely  to  repeat  much  of 
what  has  already  been  said  in  treating  of  the  trap 
family.  Of  the  larger  kinds,  the  prismatic  and 
the  lamellar  both  occur ;  and,  of  the  smaller,  the 
cavernous,  amygdaloidal,  and  porphyntic,  are 
very  predominant.  Such  details  as  are  more  pai^ 
ticularly  necessary  will  be  found  in  the  Synopsis. 

Of  the  mineral  composition,  there  is  equally 
little  to  be  said.    In  all  the  fundamental  points, 
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it  resembles  that  of  the  trap  rocks,  as  will  shortly 
appear ;  and  the  imbedded  minerals  which  are 
peculiar  to  some  volcanic  productions,  will,  as 
on  former  occasions,  be  enumerated  in  the  Synop- 
tic catalogue.      Respecting  these,  there  have  been 
many  doubts;  namely,  whether  they  have  been 
ejected  in  their  present  forms,  whether  they  are 
tfie  result  of  peculiar  chemical  affinities  exerted 
in  the  fused  mass,  and,  lastly,  whether  many  are 
not  the  produce  of  subsequent  watery  infiltration. 
Many  prejudices,  also,  appear  still  to  exist  on 
this  part  of  the  subject ;  but  the  difficulties,  such 
as  they  are,  will  not  be  removed  until  the  sub- 
stances themselves  are  better  understood. 

With  respect  to  the  form  of  the  Synopsis,  the 
author  has  laboured  under  a  difficulty  from 
which,  probably,  no  one  is  yet  exempt,  namely, 
the  want  of  access  to  a  numerous  and  authentic 
collection  of  specimens.  It  is  probable,  tiiat,  with 
such  a  collection,  which  does  not  appear  to  have 
been  yet  completed  by  any  one  in  a  satisfactory 
Hianner,  the  whole  might  have  been  thrown  into 
the  same  form  as  the  synopsis  of  the  trap  family. 
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There  \»  reason  at  least  to  suppose  thiit  a  great 
many  of  tfaesfe  rocks  have  their  counterparts  in  the 
volcanic  productions.  But  as  im>  positive  demon- 
stration on  this  subject  could  be  procui^,  it  was 
thought  advisable  to  model  the  catalogue  by  the 
writings  of  those  who  have  had  the  greatest  expe- 
rience, and  who  seeip  to  have  laboured  under  the 
fewest  prejudices.  Some  alterations,  which  wa^ 
suggested  by  the  examination  of  specimens,  by 
comparing  the  reports  of  others,  and  by  general 
analc^es,  have  been  made ;  but  the  whole  must 
remain  for  a  correction  which,  it  is  hoped,  is  not 
far  distant. 

It  may  only  be  remarked,  in  conduding  this 
obscure  subject,  that  if  a  general  modification  of 
the  whole  Synopsis  should  be  required,  it  will 
pr6bafoly  consist  in  a  difierent  manher  of  treating 
those  substances  which  are  here  enumerated  only 
as  imbedded  minerals.  The  quantity  of  Leucite, 
for  example,  which  occurs  in  many  of  the  lavas, 
is  such  that  it  forms  a  principal  part  of  the  rock, 
and  must  perhaps  therefore  be  considered  esRen* 
tial,  not  accidental.    Whenetw  a  complete  coUec- 


Digitized  by 


Google 


VOLCANIC    AOCKi.  &^ 

tkm  of  these  rocks  shall  have  been  formed,  it  will 
probably  not  be  difficult  to  construct  a  new  cata- 
logue, by  adopting  a  different  division  with  res- 
pect to  the  essential  and  unessential  minerals. 


SYNOPSIS  OF  THE  VOLCANIC  ROCKS. 

FIRST  DIVISION. 
More  or  less  perfectly  vitreous. 

FIRST    SUBDIVISION. 

Solid. 

A.    Obsidian:  volcanic  glaa». 
a.     Massive. 

b*  With  an  imperfect  laminar  strttctnre, 
indicated  by  a  striped  appearance, 
and  by  the  action  of  the  weather. 

c.  Concretionary,  imperfectly  spheroidal 

or  granular. 

d.  Fibrous,  loose,  resembling  spun  glass, 

rare. 

e.  Porphyritic;   enclosing  felspar.     Ob- 

sidian porphyry. 

The  most  common  colours  are  black,  dark 
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green,  pale  muddy  green,  grey,  and  brown.  It 
is  sometimes  striped,  of  two  colours.  Tbe  lustre 
varies,  as  does  the  d^ree  of  opacity.  In  some 
cases  it  possesses  an  internal  texture  which  causes 
it  to  give  reflections  resembling  those  of  the  cat's 
eye.  It  has  been  found  in  one  instance  to  contain 
mica. 

SECOND    SUBDIVISION. 

Cavernous. 

A*     Cavernous  obsidian :  passes  to  pumice* 

B.  Pumice. 

a.  Simply  cellular. 

b.  Cellular  protracted,  becoming  nearly 

fibrous. 

C.  Scoria.     Formed  of  a  less  perfect  glass  and 
passing  to  porous  lava. 

SECOND  DIVISION. 
With  a  base  of  compact  felspar,  or,  at  least, 
supposed  to  consist  of  this  substance. 

A.  Simple :  solid,  or  imperfectly  granular. 

B.  Porphyritic :  pale  volcanic  porphyries. 

The  pale  lavas  appertain  chiefly  to  this  divi- 
sion. Other  imbedded  minerals,  besides  felspar, 
may  occur  in  this  variety. 
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THIRD  DIVISION. 
With  a  base  of  basalt,  of  some  aaalogous  sub- 
stance, simple  to  the  eye. 

A.  Simple :  dark  lara,  and  scoriform  lara. 

a.  Compact:  compact lara. 

b.  Porous:  cavernous  lava;  or  scoria  of 

some  authors.  The  caverns  are  some- 
times partially  filled  with  some  of  the 
minerals  which  constitute  the  volcanic 
amygdaloidsy  into  which  this  variety 
passes. 

c  'Pri3matic,  or  columnar:  volcanic  basalt 
of  authors. 

d.  Concretionary  on  a  smaller  scale : 
spheroidal  or  otherwise. 

B.  Compound :  containing  felspar :  porphyries, 
rhis  variety  may  also  contaia  many  minerals 

besides  felspar. 

C.  Compound :  containing  amygdaloidal  nodules : 
volcanic  amygdaloid. 

The  most  femarkable  of  the  imbedded  no- 
dules are,  calcareous  spar,  fluor,  the  zeolitic 
mitierals,  and  chalcedony.  These  appear  to  be 
the  produce  of  infiltration,  as  they  are  sometimes 
accompanied  by  water.  The  imbedded  minerals 
not  properly  amygdaloidal,  and  wbiefa  may  exist 


Digitized  by 


Google 


002  YQLCANIC    aOCKi. 

together  wMi  these,  are  enumerated,  as  in  other 
casM,  at  the  end  of  the  catalogue,  llie  colours 
of  these  rocks  are  various,  namely,  black,  grey, 
lHX>wn,  &c. ;  aud  they  depend  much  on  the  num- 
ber  and  nature  of  the  imbedded  minerals,  where 
these  exist. 

FOURTH  DiyiSION. 

With  a  base  of  greenstone,  or  of  some  ana- 
logcyuis  compound.  The  compact  felspar  in  these 
rocks,  seems  to  be  united  to  augit,  not  to  horn- 
blende. 

A.  Simple. 

B.  Porpbyritic. 

'  C    Amygdftloid&l* 

This  division  appears  to  contain  many  of  the 
additional  modifications  found  in  the  last,  but  it 
is  unnecessary^o  j^peat  them. 

FIFTH  DIVISION. 

.    With  a  base  of  common  felqiar. 

These  aare  gratiitic  cEmipounds,  but  they  must 
not  be  confounded  vnth  ejected  granites.  M 
th^  ^haye  not  received  much  attaition,  I  am 
unable  to  describe  the  varieties  that  may  exist  in 
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this  division.  They  are  highly  interesting  in  a 
geological  view,  and  deserve  a  careful  examina- 
tion. It  must  be  remarked  of  the  whole  of  these 
lavas,  tfiat  they  present  many  modifications  of 
external  form,  arising  from  the  manner  in  which 
they  have  flowed,  and  resembling  those  found  in 
the  slags  of  furnaces. 

SIXTH  DIVISION. 
Ejected  substances,  more  or  less  altered  by 
the  fire. 

FIRST     SUBDIVISION. 

Solid;  conglomerates. 

A«  Conglomerates  of  various  fragments  of  dif- 
ferent rocks,  with  mica,  augit,  and  other  minerals* 

B*  Conglomerates  consistingcbieflyof  clay,  and 
having  apparently  been  ejected  in  the  state  ^f  mad. 
Tufo. 

a.  Coarse  tafaceous  conglomerates* 

b.  Fine  and  powdery  tufa. 

The  local  varieties  of  these  latter,  such  as 
those  of  Herculaneum  and  Rptne,  are  very  'in- 
teresting;  but  they  do  not  admit  of  enumeration 
in  this  place.  They  often  contain  augit,  mica, 
or  other  imbedded  minerals,  as  well  as  tfie  soKd 
lavas. 
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SECOND   SUBDIVISION. 

Loose. 

A.  Fragments  of  various  rocksybotb  primary  aod 
secondary,  more  or  less  altered  by  the  fire. 

B.  Powdery  matters :  puzzolana,  ashes,  dost. 

The  following  catalogue  contains  the  principal 
imbedded  minerals  which  have  been  observed  in 
volcanic  rocks.  It  is  unnecessary  to  add  the 
names  of  the  amygdaloidal  minerals  already  men- 
tioned. 

Felspar.  Melanite. 

Pyroxene.  Idocrase. 

Hornblende.  ^  Tourmalin. 

Grarnet.  Apatite. 

•  Peridot.  Jargon. 

Mica.  Pseudo-sommite. 

Hauyne.  Ice  spar. 

Meionite.  Pleonaste. 

Melilite.  Arragonite. 

Tabular  spar.  Oxidulous  iron. 

Sommite.  Sphene. 

Leucite.  Copper. 

Other  minerals  have  recently  been  introduced 

into  the  catalogue  as  found  in  similar  situations ; 

but  as  these  new  species  are  not  yet  thoroughly 

established,  1  forbear  to  quote  them. 
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It  is  barely  sufficient  here  to  notice,  that  certain 
burnt  clays,  known  by  the  name  of  porcelain- 
jasper,  have  been  considered  as  pseudo-volcanic 
substances.  They  are,  in  every  sense  of  the 
word,  artificial,  and  no  more  deserving  of  a  place 
than  other  products  of  common  fire.  They 
occur  in  the  vicinity  of  coal  beds  which  have 
been  casually  ignited. 
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SoMB  of  these  substaiices  are  of  au  allayial 
origiD,  and  are  therefore  treated  of  in  the  chapter 
appropriated  to  that  subject.  As  others,  how- 
erer,  are  found  interstratified  with  various  rocks, 
in  several  parts  of  the  secondary  series,  they  are 
more  properly  introduced  in  a  separate  place. 
This  is  the  more  necessary,  as  the  two  latter,  in 
many  cases,  are  partially  solidified  so  as  to  form 
rocks ;  ofiering  an  exact  analogy  to  that  which 
happens  in  similar  transitions  between  the  clays 
and  shales.  They  might  perhaps  with  greater 
propriety  have  been  placed  in  the  secondary  class, 
but,  not  having  universally  the  general  characters 
of  rocka,  it  seemed  at  least  equally  convenient  to 
mclude  them  in  this  Appendix. 

The  clays  are  found  in  beds  of  greater  or  less 
dimensions,  partially  indq>endent,  or  minutely 
interstratified    with   limestone,    sandstone,  and 
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diale.  Their  geolc^od  and  local  importanoet 
no  less  than  their  ceconomical  uses,  render  Ibem 
objects  of  considerable  interest  to  a  gedogist, 
but  an  examination  of  these  subjects  is  not 
here  admissible.  The  clays  of  the  coal  fields, 
which  contain  ironstone,  the  blue  clay  of  Lon- 
don, and  Fuller's  earth,  are  among  the  most  in- 
teresting. 

The  marles  occur  itrtnmilar  situations,  and 
are,  most  particularly,  interstratified  with  linM* 
atone;  being  often  solid,  and  thucf  forming  iiiarle 
slates.  Those  of  Gloucestershire  and  Lincoln- 
shire  are  among  the  most  'mteresting  in  the 
En^ish  strata.  In  the  foreign,  it  yet  remains  to 
be  ascertained  what  the  true  nature  of  many  of 
these  rocks  are;  as,  in  some,  which  are  said  to 
occur  with  primary  liknestone,  organic  rmains 
are  found.    . 

.  The  positions  of  the  sands  are  similar,  and 
they  are  frequently  also  intermixed  with  extensive 
consolidated  portions  fompng  sandstones,  ^hifdb 
it  has  been  necessary  to  notice  aOiready  under  that 
head.  Amongthe  English  strata,  the  ferruginous 
and  the  green  .sand,rare  the  inost  conspicuous 
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and  esrtensive ;  the  former  lying  above  the  Pur- 
beck  Hmestone,  and  the  latter  immediately  be- 
neath the  chalk. 


SYNOPSIS  OF  CLAY,  MARLE,  AND 
SAND. 


CLAY. 

A.  Ferrugrinoud  clay :  scarcely  ever  plastic,  red^ 
or  yellow.  Occurs  in  beds  under  trap  rocks,  and  passes 
into  jasper ;  where  it  is  also  noticed. 

B.  Fuller's  earth :  dull  green  or  grey :  semi- 
transparent,  and  crumbling,  when  in  water*  Occurs  in 
the  upper  sandstones,  in  the  limestones,  and  in  the  red 
marie  sandstone. 

C.  Schistose  clay:  white  or  grey:  scarcely  plastic 
till  after  exposure  to  air,  when  it  crumbles.  Pipe  clay. 
Above  the  chalk  in  Dorsetshire. 

D.  Indurated,  generally  in  irregular  nodules ; 
very  refractory  in  the  fire*  In  the  coal  series.  Stour- 
bridge clay. 

E.  Plastic  clay,  potter's  clay,  of  various  colours 
and  properties.  Occurs  in  different  parts  of  the 
secondary  series.  It  is  perhaps  not  essentially  dis- 
tinct from  C.  , 

F.  Blue  clay:  London  clay:  plastic  in  various 
degrees.     Contains  peculiar  imbedded  fossils,  whence 
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arises  a  geological  interest  not  here  admitting  of  dis* 
cussion. 

It  is  unnecessary  to  enuntierate  more  varieties 
of  a  substance  of  which  the  contiposition  and 
characters  are  so  unsteady.  The  clays  pass  into 
shale,  sand,  and  marie,  and  contain  ironstone^ 
pyrites,  gypsum,  and  various  organic  remains. 
Menilite  is  found  near  Paris,  in  sopie  cases,  in  a 
clay  marie.  Lithomarg^,  bole,  tripoli,  and  other 
partial  substances^  cannot  claim  places  in  this 
enumeration. 


MARLE. 

A.     Simple,  or  earthy. 

a«    Massive,  more  or  less  compact, 
b.    Schistose,  marle-slate. 

Some  of  the  specimens  of  both  these,  fall 
into  pieces  by  exposure  to  air,  and  then  be- 
come plastic.  They  occur,  principally,  with  the 
secondary  limestones,  and  vary  much  in  their 
appearance,  colours,  and  composition.  They 
pass  into  shale  by  the  diminution  or  loss  of  the 
calcarequs  ingredient. 

K   R 
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B.    Bitaminous  marie :   more  or  leas  dwIuMdy 
schistose. 

There  is  considerable  obscurity  in  the  histoiy 
of  this  substance  ;  as  it  contains  fish,  and  is  yet 
said  to  accompany  prinmry  limestone,  as  above 
remarked.  It  is  found  in  various  parts  of  the 
continent  of  Europe. 

The  other  substances  known  to  agriculturists 
by  the  name  of  marie,  belong  to  the  alluvia, 
where  they  are  fully  described. 


SAND. 

A.  Quartz  alone. 

B.  Quartz  and  clay. 

C.  Quartz  and  limestone,  or  quartz,  limestone, 
and  day. 

D.  Quartz  and  mica 

These  occur  in  different  parts  of  the  series  of 
the  secondary  strata :  some  of  them,  coni^icu- 
ously,  under  the  English  chalk.  They  are  some- 
times partially  indurated  into  sandstones,  as 
dready  mentioned. 

£•    Quartz  and  highly  ferraginons  day,  or  •dure, 
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with  other  ingredients  of  less  importance.    The  ferru- 
ginous sand  of  the  English  strata. 

F.     Quartz,  limestone,   mica,    and    green  earth. 
The  green  sand  of  the  same  series* 

These   also  are  sometimes  indurated    into 

sandstones  which  hare  been  already  enumerated 

under  that    title    for    the  convenience  of    the 

reader. 
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This  yak*  ible  substance,  here  included  amoBg^ 
the  rocks,  for  the  reasons  formerly  assigned,  is 
found  in  various  parts  of  the  world,  but  most  con- 
spicuously in  Britain.  It  occurs  both  in  the 
primary  and  secondary  strata ;  but  so  rarely  and 
in  such  small  quantity  in  the  former,  as  scarcely 
to  deserve  notice  here,  were  it  not  for  the  sake  of 
the  connection  in  mineral  characters  between  the 
two. 

In  the  priaiary  rocks,  it  has  been  found  in 
gneiss,  in  micaceous  schist,  and  in  ai^llaceous 
schist;  formiig  small  laminae,  or  scattered  por- 
tions ;  and  thus  it  occurs  in  several  parts  of  the 
continent  of  Europe.  It  has  also  been  found  in 
detached  lumps  in  limestone,  in  Norway,  and  in 
an  antient  conglomerate  rock,  in  France. 

In  the  secondary  class,  it  forms  beds  of  con- 
siderable extent,  alternating  with  rocky  or  earthy 
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strata,  and  associated  with  different  members  of 
that  series.  The  whole  of  its  connections  of  this 
nature,  have  not  been  ascertmned  ;  bat  to  detail 
even  that  which  is  known,  would  here  be  out  of 
place ;  while  it  is  not  of  a  nature  to  admit  of  an 
useful  or  intelligible  abridgment  within  the  pres- 
cribed limits.  It  forms,  in  its  application  to  the 
uses  of  life,  one  of  the  most  important  branches 
of  geological  science. 

The  lateral  extent  of  these  dq>osits,  com- 
monly known  by  the  name  of  coal  fields,  i§  often 
▼ery  considerable,  and  it  is  observed,  that,  in 
many  cases,  they  occupy  basin-like  cavities,  often 
incurvated  upwards  on  all  sides.  In  others,  they 
are  inclined  at  various  angles,  in  such  a  manner 
that  their  probable  extent  cannot  be  conjectured. 
It  is  usual  for  more  than  one  bed  of  coal  to  be 
found  in  a  deposit,  and  sometimes  they  reach  to 
ten,  twenty,  or  more.  At  Liege,  it  is  said  that 
there  are  sixty  beds.  The  alternating  substances 
are  stodstone,  limestone,  shale,  clay,  and  sand. 
The  thickness  of  the  coal  strata  varies  from  less 
than  on  inch  to  many  feet  Where  they  af e 
tnnrersed  by  trap  veins,  or  in  contact  witib 
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of  that  rock,  they  are  often  cooverted  into  cinder, 
or  coke. 

I'he  strata  of  coal  are  generally  divided  by 
natural  joints,  more  or  less  perfect  and  extenarre, 
by  which  they  are  formed  into  cnboidal  and  pris- 
matic masses.  The  most  frequent  variety  of 
structure'which  they  present  is  the  laminar ;  and, 
in  some  rare  instances^  where  in  contact  with 
trap,  they  also  assume  prismatic  forms. 

The  mineral  composition  of  coal  is  scarcely  a 
subject  for  consideration  in  this  work,  of  which 
it  is  not  the  object  to  record  the  chemical  nature 
of  the  simple  minerals.  Yet,  as  it  has  been  ge- 
nerally misapprehended,  it  will  be  useful  to  sketch 
it  in  the  briefest  possible  manner. 

All  the  bitumens,  from  ni^htha  to  asphaStom, 
cdnsist  of  compounds,  apparen%  indefinite^  of 
€arb<»  and  hydrogen  principally ;  the  small  quan* 
tities  of  oxygen  sukI  azote  which  they  contain, 
appearing  to  have  little  or  no.^ect  in  modifying 
their  mineral  characters.  In  the  most  fluids  die 
hydrogen  predominates,  dimintehing  pfogres- 
sively  accwding  to  the  order  of  their  relative  te- 
nacity or  sofidity.    WIkk  asphaltnm  eods  tins 
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porition,  and  a  considerable  one  in  texture,  oonan 
menees  that  of  the  coals.  From  this  variety, 
down  to  the  most  perfect  anthracite,  there  is  a 
similarly  indefinite  range  of  composition;  the 
hydrogen  gradually  diminishing  as  the  coal  be- 
comes less  inflammable,  as  it  is  less  capable  of 
being  separated  into  bitumen  and  charcoal  by 
distillation,  and  as  it  yields  a  smaller  comparative 
proportion  of  the  former.  Thus  the  composition 
of  the  bitumens  illustrates  that  of  the  several 
varieties  of  coal.  This  gradation  is,  however, 
only  noticed  in  a  general  manner  in  ihe  Synop- 
sis, where  the  several  popular  and  received  varie- 
ties, are  distinguished  as  if  they  were  all  definite. 
The  most  perfect  anthracite  appears  to  yield 
no  bitumen,  yet  it  still  contains  hydrogen,  per- 
haps in  every  case;  as  that  element  is  present 
even  in  common  charcoal,  which  is  itself  a  com- 
pound substance.  Where  anthracite  passes  to 
plumbago,  which  may  in  fact  be  considered  as 
Ihe  true  end  of  this  series,  the  hydrogen  seems 
to  have  disappeared ;  and,  if  this  subttappe  be 
not  mere  cartion,  as  it  probably  is  not,  from  the 
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apparent  combustion  which  it  undergoes  on  ex- 
posure to  air,  when  its  base  has  been  extricated 
from  iron  under  water,  it  undoubtedly  i^proacbes 
nearer  to  that  element  than  any  of  the  preceding 
substances. 

It  is  impossible  to  enter  here  at  greater  length 
into  this  interesting  subject :  the  fuller  details  of 
these  views  must  be  reserved  for  some  more  ap» 
propriate  place.  But  this  sketch  is  sufficient  to 
show  the  incorrectness  of  those  opinions  in  which 
coal  is  considered  as  a  compound  of  charcoal  and 
bitumen;  these  being  themselves  varying  com- 
pounds of  simpler  chemical  elements. 

The  organic  remains  found  in  coal,  are  limited 
to  the  secondary  varieties,  as  might  be  expected, 
and  they  consist  of  unknown  vegetables  of  dif- 
ferent kinds,  which,  from  their  general  charac- 
ters, appear  to  be  chiefly  of  aquatic  origin.  Py- 
rites also  occurs  in  this  substance. 


SYNOPSIS  OF  COAL. 


A*    Burning  with  difficulty  and  without  flame: 
Anthracite,  when  this  character  is  perfect* 
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This  is  a  modification  of  carboil  which  coa-> 
tains  so  little  hydrogen  as  to  yield  no  naphtha 
or  petrolenm  on  distillation;  whence  it  gives 
neither  flame  nor  smoke. 

a.  Massive;    with   a  conchoidal    shining 

fracture     of    an     aspect    sometimes 
nearly  metallic. 

This  occurs  in  Germany  and  other  countries 
among  the  primary  rocks;  in  Staffordshire, 
among  the  secondary  coals.  It  passes  into  plum- 
bago. 

b.  Friable,  pulverulent,  or  scaly. 

This  variety  is  rare  and  in  small  quantity :  it 
occurs  in  Switzerland. 

c.  Laminar :  known  by  the  name  of  blind 

coal,  stone  coal,  culm,  and  Kilkenny 
coal. 

This  occurs,  like  the  preceding,  in  the  pri- 
mary strata,  in  micaceous  schist,  argillaceous 
schist,  and  gneiss.  But  it  is  far  more  abupdant 
in  the  secondary,  as  in  many  parts  of  Britain  and 
Ireland.     It  passes  into  common  coal. 

d.     Columnar,  or  rather  prismatic. 

Occurs  in  the  vicinity  of  trap  rocks,  and 
is  therefore  partial  and  rare.       It  passes  into 
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plumbago,  forming  the  anthracolite  of  Baron 

Bom. 

B.    Fhuning,  aod    burning  easily;  with  smokc*^ 
Common  coal. 

It  occurs  either  massive  or  slaty  ;  but  the  two 

are  so  generally  united,  that  it  is  unnecessary  to 

distinguish  them  as  separate  varieties.     It  differs 

much  in  quantity  in  different  situations;  chiefly 

in  consequence  of  the  degree  in  which  it  recedes 

from  the  preceding,  or  the  quantity  of  bitumen 

which  it  yields  on  distillation.     The  best  kinds 

unite,  or  cake,  in  the  fire,  by  a  partial   fusion* 

It  presents  other  varieties  of  much  inferior  value, 

in  consequence   of  mixtures   of  clay,  forming 

coarse  coal.    These  pass  into  bituminous  shale, 

formerly  noticed.     They  are  always  secondary. 

C»  Very  inflammable;  leading  little  coak  after 
inflammation;  massive  or  imperfectly  laminar:  with  a 
large  conchoidal  fracture  more  or  less  bright,  bat 
sometimes  quite  dull.    Cannel  coal  and  Parrot  coal. 

Occurs  in  the  secondary  coal  of  other  quali- 
ties, and  is,  sometimes  wrought,  like  jet,  for  orna- 
ments. 

D.  Coak,  ashes,  and  smut.  These  rare  and  par- 
tial modifications  occur  in  the  vicinity  of  trap,  as  already 
IK>ticed. 
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The  history  of  the  greater  number  of  these 
deposits  is  of  the  most  iateresting  kind,  but  is  so 
purely  matter  of  geological  inquiry  as  to  be  io« 
admissible  in  this  work.  There  are  two  distinct 
divisious  of  substances  comprised  under  this 
head,  the  loose  and  the  solid ;  both  of  them  pos- 
terior to  the  latest  indurated  strata,  and  the  latter, 
evidently  more  recent  than  the  former.  A  few 
words  must  suffice  respecting  both. 

Alluvial,  unconsolidated  deposits,  occur  in 
various  sitoations,  bespeaking,  in  many,  im* 
portant  differences  of  origin. 

Where  they  are  found  in  vallies  through 
which  rivers  flow,  they  generally  arise  from  the 
abrasion  of  the  channels  in  which  these  rub ; 
and  more  particularly,  from  the  wear  of  the 
higher  rocky  hills  that  form  their  sources  and 
contain  their  springs.     They  originate  in  die 
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same  causes,  in  most  instances,  where  they  form 
those  extensive  plains  that  accompany  the  es- 
tuaries of  rivers,  whether  these  terminate  in  the 
sea  or  in  an  inland  lake.  In  the  former  case,  they 
constitute  submarine  banks  and  low  islands  ;  in 
the  latter,  in  the  course  of  their  progress,  they 
obliterate  the  lakes,  and  thus  form  solid  and  ex* 
tensive  deposits  in  vallies,  which  have  sometimes 
been  imagined  to  originate  in  causes  of  a  more 
general  nature. 

The  action  of  the  sea  on  its  shores,  is  some- 
times such  as  to  reject  on  them  the  loose  mate* 
riali(  which  it  contains,  and  which  it  may  have 
derived,  either  from  more  distant  and  similar 
sources,  or  from  the  perpetual  reproduction  and 
death  of  the  tiibes  of  shell-fish  by  which  it  is 
inhabited.  In  some  cases  of  this  nature,  the 
sea  is  thus  caused  to  retire  before  the  increasing 
shore,  and  that  increase  is  often  accelerated  or 
consolidated  by  the  growth  of  various  plants 
which  take  root  in  the  new-formed  soil.  In 
others,  the  winds  disperse  the  lighter  materials; 
consisting  of  sand ;  which  thus  frequently  over- 
whelms the  interior  land,  for  a  certain  space. 
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with  deposits  of  this  substaiK^e,  often  of.  great 
depth. 

In  consequence  of  the  daily  waste  of  moun- 
tains, and  without  the  assistance  of  streams,  but 
urged  solely  by  the  force  of  gravity  and  the  ordi- 
nary drainage  of  the  surface,  beds  of  alluml 
matter  are  in  many  situations  deposited  on  the 
sides  of  hills,  and  in  some  cases  to  a  cpnsiderable 
depth. 

Lastly,  in  some  places,  rocks  are  found  to 
have  been  disintegrated  in  siiu  in  consequence  of 
the  action  of  water  or  other  causes,  apd  sometimes 
to  a  considerable  depth.  In  favourable  circum- 
i^tances  of  position,  these  remain  in  their  places, 
.forming  beds  or  masses  of  loose  materials,  con- 
sisting of  larger  fragment  of  the  more  solid 
purts,  mixed  with  the  clay  and  sand  resulting 
.from  the  more  complete  decomposition  of  others. 
This  occurrence  takes  place,  chiefly,  in  granJite, 
in  gneiss,  in  some  of  the  trap  rocks,  and.  in  the 
red  sandstone.  Of  the  latter,  Arfan  and  Cantyre 
,  present  some  remarkable  examples. 

Thus  there  seem  to  occur  in  nature  four  dis- 
tinct classes  of  partial  alluvia,  namely,  those  of 
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riren  and  eituanias^  nMrine  lAhiTia,  fttltnria  of 
descent,  and  untransported  alluvia. 

A  sepwftte  division  must  be  finwed  to  con- 
tain the  general  alluvia,  which  occur  in  situations 
where  none  of  these  causes  can  have  acted,  and 
which  appear  to  owe  their  origin,  in  many  cases, 
to  dehiges,  apparently,  of  a  temporary  and  par- 
tial nature,  in  others,  to  that  great  event  of  the 
same  description  recorded  in  sacred  history.  It 
is  extremely  ipiportant  to  distinguish  these  from 
the  former,  with  which  they  have  often  been 
osnfoanded ;  but  to  attempt  even  the  slightest 
sketch  of  this,  would  be  to  enter  on  a  subject 
foreign  to  the  nature  of  this  work.  In  dl  tiiese 
oaseS)  thedistinetions  aredriefly,  in  many,  pmrdy, 
of  a  geological  nature. 

The  extent,  die  depth,  the  forms,  and  tfae 
connections  of  aH  these  deposits,  are  so  various, 
that  no  description  admissible  in  these  plreftitory 
>ol»servations  coutd  convey  an  idea  of  Atem,  and 
they  must  consequently  be  reserved  for  their  more 
appropriate  place  in  a  System  of  Gtoldgy.  Itis 
only  necessary  to  observe  in  the  briefest  manner, 
that  their  forms  are  niide^  the  daily  ififluence  of 
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die  oauMB  which  produced  a  great  portim  of 
them ;  and  that  in  consequence  of  diese  daiiy 
actkHM,  the  aUuvia  of  a  general  nature  are  often 
in  danger  of  being  confounded  with  those  of 
more  recent  and  partial  origin. 

Many  of  the  alluvial  depoaitB  present  an  aher- 
natiog  stratification,  more  or  less  frequent  and 
r^^nlar,  of  the  difiereni  modifications  of  which 
they  are  formed,  often  emulating,  in  every  thing 
but  consolidation,  the  finer  and  ooaroer  beds  of 
the  red  sandstone.  They  also,  in  scmie  places, 
alternate  with  beds  of  peat,  or  of  those  sub- 
stances called  lignite  or  brown  coal,  which  are 
hereafter  noticed. 

Respecting  their  structure,  if  this  term  be 
admisnble,  it  is  only  necessary  to  remark  that 
they  consist  of  materials  varying  from  the  fine- 
ness of  mud  and  of  sand  to  die  bulk  of  many 
cubic  feet:  and  that  in  their  mineral  composition 
they  contain  fragments  of  every  rock  in  the  sys- 
tem of  nature.  Whether  the  larger  fi*agments 
art  rounded  or  angular,  depends  partly  on  the 
distance  whence  they  have  been  transported,  on 
the  time  and  d^^ree  during  which  they  have  been 


Digitized  by 


Google 


624  ALLvyiA. 

expofled  to  the  seyeral  causes  of  waste,  and  on  tbe 
nature  of  the  materials. 

Organic  remains,  both  v^etable  and  animal, 
are  found  in  the  alluvial  deposits,  and  these  are 
frequently  interesting,  as  consirtingof  the  bones 
of  many  species  of  terrestrial  animals  now  extinct 
k  is  scarcely  perhaps  necessary  to  remark,  that 
minerals  sufficiently  permanent  in  their  nature  to 
resist  the  effects  of  waste,  also  occur  in  them; 
among  which  the  diamond  and  gold  are  die 
most  remarkable. 


In  treating  of  the  consolidated  alluria,  or  of 
alluvial  rocks,  strictly  spewing,  no  notice  is  here 
necc^ssary  of  thos^  very  partial  deposits,  formed 
by  infiltration  or  otherwise,  which  are  found  in 
.  many  situations,  and  which  are  more  property 
described  in  works  of  mineralogy.  If  a  line  in- 
deed has  not  been  strictly  drawn  between  those 
which  seem  to  claim  a  place  here,  and  those 
which  belong  to  mineralogical  arrangements,  it 
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is  only  a  defect  which,  od  other  occasions,  it  has 
beea  found  impossible  to  avoid. 

The  substances  here  considered  as  alluvial 
rocks,  are,  eidier  extensive  calcareous  deposits 
from  existing  waters,  or  loose  alluvia  which  have 
been  consolidated  by  one  or  other  of  the  follow- 
ing causes ;  namely,  the  deposition  of  carbonat 
of  lime  from  water,  or  the  agglutinating  power 
of  that  compound  of  water  and  carbonat  of  iron, 
called  rust,  to  which  no  chemical  term  has  yet 
been  applied.  It  is  not  improbable  that,  in  some 
more  rare  instances,  there  may  be  added  to  these, 
the  recent  solution  of  silica,  and  an  adhesion  of 
certain  mixed  earths  which,  although  it  appears 
to  be  merely  the  result  of  pressure  and  repose,  is 
probably  owing  to  the  same  circumstance  in  a 
d^ree  less  perceptible. 

The  power  of  carbonat  of  lime,  it  must  also 
be  added,  may  be  called  into  action  without  the 
actuiil  infiltration  of  foreign  solutions ;  and  thus, 
fragments  of  shells,  or  mixtures  of  these,  or  of 
other  calcareous  matters,  with  sand,  are  some- 
tisies  consolidated;  the  very  substances  them- 
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seWes  affording,  by  their  partial  solotioD,  that 
cement  by  which  they  are  united. 

The  alluvial  rocks  which  are  formed  by  de- 
positions from  water,  necessarily  vwry  in  dimen- 
sion and  disposition,  as  well  as  in  situation, 
according  to  circumstances  which  do  not  admit 
qf  being  here  described.  Those  which  originate 
in  the  other  causes  just  mentioned,  also  present 
many  variations,  depending  on  circumstances 
which  may  easily  be  apprehended.  Thus  they 
are  found  in  inland  situations,  or  on  sea  shores, 
or  occupying  portions,  more  or  less  extensive,  of 
the  looser  materials  in  which  they  are  found.  A 
certain  class  of  them  form  some  of  th^  varieties 
of  the  veinstones  mentioned  in  a  preceding 
chapter. 

In  a  geological  view,  they  are  in  some  other 
respects  very  interesting;  as  indicating  those 
actions  of  a  corresponding  nature,  though  much 
more  distant  in  point  of  time,  which  have  led  to 
the  consolidation  of  many  of  the  looser  strata  of 
sand  and  similar  matters,  and  which,  as  they  are 
portions  of  the  consolidated  series  of  strata,  have 
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been  considered  in  anotiier  place.  Most  of  the 
secondary  rocks  indeed,  and,  perhaps,  not  a  few 
of  the  primary,  may  be  supposed  to  have  had  a 
similar  origin ;  but  these  are  questions  appertain- 
ing to  geology. 

Respecting  the  texture  and  composition  of 
these  rocks,  it  is  scarcely  possible  to  say  any  thing 
which  would  not  be  a  repetition  of  what  has  been 
«aki  in  treating  of  the  loose  alluvia,  or  which  may 
not  be  as  easily  deduced  from  the  preceding  ob- 
servations. The  more  minute  peculiarities  will 
£nd  a  more  proper  place  in  the  Synopsis. 

Like  the  loose  alluvia,  they  may  also  contain 
imbedded  minerals ;  and  the  diamond  has  thus 
been  found  forming  part  of  a  conglomerate  al- 
luvial rock.  Organic  remains  also  occur  in  them  ; 
and  some  of  the  instances,  such  as  that  of  the 
West  Indies  so  well  known  as  containing  human 
skeletons,  are  particularly  interesting;  as,  from 
confounding  them  with  earlier  rocks  of  similar 
.character,  the  most  serious  geological  errors 
might  arise. 
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SYNOPSIS  OF  ALLUVIA. 

FIRST  DIVISION. 
Loose. 

A.  Single  stones,  more  or  less  accumulated  in 
particular  places,  generally  bearing  marks  of  waste  in  a 
greater  or  less  degree,  and  commonly  consisting  of  the 
older  rocks. 

a.  Granite  boulders. 

b.  Boulders  of  other  rocks,  wbidh  it  is 

unnecessary  to  distinguish,  as  the  for- 
mer, from  their  greater  conspicuity 
and  frequency,  ha^e  here  been.  Sin- 
gle in  inland  situations,  and  forming 
heaps  on  sea  shores. 

6.  Stones  of  various  sizes  mixed  with  sand  or 
clay  or  both. 

a.  The    produce   of  one   rock :    aUuria 

formed  insittu 

b.  Pebbles  of  flint  with  sand  and  clay. 

London  gravel  bed.  It  is  uncertain 
whether  these  pebbles  have  been 
rounded  by  the  action  of  water^  ware 
in  their  original  forms. 

c.  Rounded  fragments  of  various  rocks, 

intermixed  with  clay  or  sand.  Dilo- 
vian  alluvia,  and  the  alluvia  of  rivers. 

d.  Fragments  slightly  rounded,  or  angu- 

lar, with  clay  and  sand.  Alluvia  of 
descent. 


Digitized  by 


Google 


ALLUTIA.  629 

C  Of  fine  materials^  consisting  of  sand  and  clay 
ni(H^  or  less  compacted^ 

a.  Clay. 

Many  varieties,  both  in  a  mineralogical  and 
in  an  ceconomical  view,  are  comprised  under 
this  head^  It  contains  variable  proportions  of 
alumina  and  of  silica,  and  in  some  places,  it  also 
eonfoins  magnesia  and  lime.  Among  the  most 
remaricable  varieties  which  I  have  observed  in  this 
country,  are  the  white  clay  of  north  Uist  and 
Harris,  and  the  porcelain  clay  found  in  some  parts 
of  Cornwall  in  superficial  beds;  the  former 
produced  from  gneiss,  the  latter  from  granite* 
Although  many  of  the  clays  described  at  page  608, 
may  resemble  others  belonging  to  the  alluvial 
deposits,  their  geological  differences  are  impor- 
tant The  colours  are  various,  blueish  black, 
gi-ey,  yellow,  or  white. 

b.  Clay  with  a  large  proportion  of  sand : 

loam  of  agriculturists. 

c.  Compact  sand,  always  with  a  mixture 

of  fine  clay  sufiicient  to  consolidate 
it:  found  in  the  alluvia  of  rivers  and 
lakes,  and  on  the  sea  shore. 

d.  Clay  containing  inflammable  or  carbo- 

naceous matter  arising  from  the  de- 
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compoBition  of  aaimala  and  rege- 
tables  :  mud.  Jm  uaay  d8lttarM8> 
and  in  the  deposits  of  slow  moTiDg 
rivers. 

D.  Consisting  principally  of  calcareous  matter. 
Miffle. 

a.  Powdery,  or  imperfectly  plastic^  with 

few  or  no  distinct  fragments  of  shells: 
often  much  mixed  with  sand  and  clay. 

b.  A  congeries  of  shells  and  fragments  of 

shells,  more  or  less  pure.  Shell 
marie  of  agriculturists. 

Those  which  contain  organic  remains,  are 
found  on  sea  shores,  or  on  lands  that  have  been 
deserted  by  the  sea,  as  well  as  in  lakes,  where 
they  often  accompany  peat.  Where  found  in  dry 
places  inland,  they  generally  mark  the  situations 
of  antient  lakes.  But,  in  several  parts  of  Perth- 
shire, they  also  occur  on  declivities,  having  been 
formed  by  terrestrial  shells.  In  other  cases,  they 
are  formed  by  the  alluvia  of  calcareous  rocks. 

E.  Of  fine  materials,  and  loose,  or  incompact. 

a.    Quartz  sand. 

On  sea  shores,  and  also  removed  by  the 
winds,  so  as  to  form  sand  hills  and  other  similar 
inland  deposits,  which  are  consolidated  by  the 
growth  of  vegetables,  and  sometimes  by  the  for- 
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matioR  of  peat;  in  which  latter  case  they  are 
mixed  with  powdery  peat  earth. 

b.  Of  calcareous  sand ;  commonly  from 
the  deeorapoBitiott  of  sea  shells*  and 
found  under  similar  circumstances. 

F.  Sands  of  various  constitution,  found  in  partial 
deposits  in  different  places,  and  commonly,  if  not 
always,  arising  from  the  decomposition*  of  rocks. 

a.  Quartz  and  argillaceous  schist. 

b.  Quartz  and  felspar. 

c    Quartz  and  the  sand  of  trap  rocka 
d.    Mica:    or  mica  with  clay,  or  felspar, 
or  quartz,  or   hornblende,  or  all  of 
these.    From  gneiss  and  granite. 
O.    Mixtures  of  rarious  kinds,  forming  the  soil 
of  agriculturists. 

Some  of  these  are  transported  materials,  others 
are  the  produce  of  rocks  decomposed  in  situ. 
Those  produced,  in  the  latter  case,  by  the  decom- 
position of  many  trap  rocks,  of  the  argillaceous 
limestone,  and  of  the  argillaceous  schists,  are 
the  most  fertile  and  valuable. 

H.  Vegetable  soil,  or  mould,  consisting  of  a  mix- 
ture of  any  of  the  preceding  with  a  hydrocarbonaceous 
compound,  analogous  to  peat,  which  results  from  the 
decomposition  of  vegetables. 

Other  circumstances  being  equal,  the  fertility 
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of  these  depends  on  the  proportion  of  this  sub- 
stance in  the  compound. 


Solid. 


SECOND  DIVISION. 


FIRST    SUBDIVISION. 


Simple. 

A.  Compacted  sand  of  quartz,  or  recent  sand* 
stones :  sometimes  found  in  river  alluvia ;  tender. 

B.  Compacted  shell  sand :  recent  polite. 

This  occurs  abundantly  on  the  shores  of  the 
Bahama  Islands ;  also  in  similar  situations  else- 
where. The  grains  are  often  perfectly  rounded, 
and  it  serves  to  explain  the  origin  of  the  older 
limestones  of  this  nature. 

C.  Compact  limestone,  deposited  from  the  waters 
of  existing  rivers  or  lakes  in  large  masses. 

The  well-known  travertino  of  Rome  bdongs 
to  this  variety.  The  stalagmitic  rod^,  such  as 
that  of  Gibraltar,  may  also  be  arranged  under 
this  head. 
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8BCOND   SUBDIVISION. 

Compound. 

A.  Sabstances  of  various  kinds  and  sizes  ce- 
mented by  carbonat  of  lime. 

a.  Quartz  sand  cemented  in  this  manner. 

On  sea  shores  and  in  river  alluvia.  Abounds 
on  the  shores  of  the  Messina,  where  it  is  wrought 
for  oeconomical  purposes.  Occurs  under  singu- 
lar modifications  near4)elvin  in  Perthshire. 

b.  Fragments  of  many  kinds  cemented  in 

the  same  way  into  a  solid  mass. 

On  the  north  coast  of  Cornwall,  near  Dunbar, 
in  Rasay,  and  on  other  sea  shores. 

B.  Various  substances  cemented  by  rust  of  iron. 

a.  Quartz,  sand,  and  gravel :  recent  ferru- 
ginous sandstone.  Resembles  the 
hard  portions  of  the  ferruginous  sand 
deposits  of  the  English  strata, 
b.  Flint  gravel,  clay,  and  sand,  united  by 
the  same  means. 

Occurs  near  Croydon,  and  elsewhere,  in  the 
gravel  bed. 

Some  of  the  trap  rocks  seem  to  undergo  a 
similar  process  after  disintegration ;  forming  a 
recent  tufa. 

The  English  puddingstones,  so  well  known. 
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and  found  in  Hertfoitbbire,  ought  probably  to 
be  referred  to  the  second  subdiTision,  under 
which*  they  would  form  a  yajriety  C,  ceneated  by 
quartz.  But  as  the  real  origin  of  this  substance 
does  not  appear  to  have  been  ascertained,  I  have 
preferred  leaving  it  in  doubt  for  future  enquiry, 
although  enumerated  in  the  mean  time,  under 
the  head  of  the  superior  sandstones. 
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In  giving  a  place  to  peat  in  this  arrangement, 
it  seemed  also  indispensibly  necessary  to  intro- 
duce those  analogous  matters,  very  conveniently 
designated  by  Brongniart^s  term  lignite,  which 
wre  even  more  intimately  comiected  with  coal  by 
their  origin  and  position. 

The  superior  antiquity  of  lignite  to  peat,  is 
proved  by  its  position  under  ccmsiderable  depths 
of  altavial  matter,  and  by  the  greater  degree  in 
which  it  has  undergone  the  process  of  bitumi- 
nization.  They  differ  also  in  another  essential 
circumstance,  namely,  that  the  production  of, 
lignite  has  long  since  ceased,  whereas  that  of  peat 
is  in  daily  and  visible  progress. 

In  its  chemical  properties,  lignite  holds  a 
station  intermediate  between  peat  and  coal ; 
while,  among  the  varieties^  also,  a  gradation  in 
this  respect  may  be  traeed  ;  the  brown  and  more 
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organized  kinds,  approaching  very  near  to  peatf 
while  the  more  compact,  such  as  jet,  approxi^ 
mate  to  coal. 

Chemical  analysis  proves  that  the  most  im- 
perfect peat  differs  little  from  wood,  and  that  jet, 
the  most  perfect  lignite,  differs  in  the  same  man- 
ner but  slightly  from  coal.  The  intermediate 
varieties  between  these  extremes,  present  cor- 
responding differences  which  show  that  the  whole 
of  these  substances  are  in  the  progress  of  bitu- 
minization,  and  which  render  it  probable  that, 
by  the  completion  of  that  process,  and  by  certain 
changes  in  their  texture,  they  are  ultimately 
destined  to  form  that  substance.  It  is  not  within 
the  limits  of  this  work  to  enter  further  into  this 
interesting  subject,  which  will  find  a  more  ap- 
propriate place  in  a  system  of  geological  science. 

Lignite  is  found  in  strata  varying  in  thick- 
ness, from  a  few  inches  even  to  fifty  feet,  and, 
sometimes  occupying  extensive  tracts  in  alluvial 
valleys.  It  is  always  covered  with  the  alluvial 
deposits,  and,  although  it  sometimes  forms  only 
one  stratum,  it  occasionally  exists  in  repeated 
alternations   with  clay»   sand,   and  marie,  and 
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occurs  even  in  alluTial  or  recent  sandstones.  At 
Bovey,  there  are  seventeen  strata.  It  is  some- 
times also  found  dispersed  in  small  masses ;  a 
circumstance  which  happens  more  particularly  in 
the  case  of  jet. 

Organic  regetable  remains  are  found  in  lig- 
nite, and  it  also  sometimes  contains  mellite, 
amber,  and  sulphur. 


SYNOPSIS  OF  LIGNITE. 

A«  Jet*  ,  Hard  and  compact ;  has  a  pitchy  1u8tr« 
and  takes  a  good  polish :  sometimes  retains  marks  of 
the  wood  whence  it  has  been  derired. 

In  France,  Spain,  Germany,  &c.  In  the  for- 
mer it  sometimes  occurs  in  recent  sandstone. 

B.  Sartarbrand.  Less  compact  and  more  brittle 
than  jet. 

Found  in  Iceland,  in  Sussex,  and  elsewhere. 

C.  Friable :  moor  coal  of  some  writers. 

Is  found  in  the  south  of  France :  contains 
marks  of  vegetables,  and  it  occurs  in  sand  and 
marie* 
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D.  Fibrous  :  brown  ooaI>  bitumiaized  wood, 
Bovey  coaL  The  vegetable  texture  very  apparent, 
tbe  colours  brown  or  brownish  black. 

Some  of  the  surturbrand  of  Iceland  belongs 
to  this  variety. 

E.  Earthy  or  pulverulent,  sometimes  a  little 
compact  and  retaining  tbe  texture  of  wood  :  contains 
also  vemains  of  vegetables. 

Is  found  under  a  deep  alluvial  soil  near 
Cologne,  and  is  known  by  the  name  of  Cologne 
earth  in  the  arts.  The  thickness  of  the  beds 
reaches  even  to  My  feet. 

.  The  lignite,  or  bituminous  wood,  found  under 
trap  rocks,  is  of  a  more  di^ant  origin,  and  in 
some  cases  appertains  rather  to  the  femily  of  coal. 

F.  Retaining  more  or  less  of  the  texture  of  wood 
and  passing  into  true  coal.  Basaltic  wood ;  and  basal- 
tic coal  of  Bonre. 
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Althouou  peat  does  not  in  ^rery  instance  lie 
above  all  die  alluTial  soils  which  may  be  present, 
that  is  at  least  its  predominant  position.  It  is 
invariably  found  above  those  of  an  extensive  and 
general  nature  which  may  be  referred  to  a  dilu- 
vian  cause  ;  and,  where  it  lies  beneath  deposits  of 
clay  or  sand,  these  will  be  found  of  modem 
origin,  and  produced  by  the  very  recent  action 
of  rivers. 

These  alternations  are  not  frequent  where 
they  do  occur  ;  and  they  consist  either  of  marie 
or  sand,  deposited  in  lakes,  or  of  clay  and  sand 
formed  at  the  estuaries  of  rivers.  The  beds  of 
peat,  in  these  instances,  are  generally  of  incon- 
siderable thickness.  Where  it  is  found,  as  is 
most  frequently  the  case,  at  the  surfece,  it  lies 
above  the  ordinary  alluvial  soil ;  forming  strata,  or 
tracts,  more  or  less  extensive,  according  to  the 
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nature  of  the  country  and  the  form  of  the  ground 
which  it  occupies.  These  deposits  have  often 
the  form  of  basin-like  cavities,  from  circum* 
stances  that  will  be  immediately  apparent.  Their 
thickness  is  exceedingly  variable,  and  has  been 
known  to  reach  to  fifty  feet  and  upwards. 

In  some  instances,  the  formation  of  peat  in 
particular  places  has  ceased ;  in  others,  it  is  still 
in  progress,  being  maintained  by  the  continuance 
of  those  actions  from  which  all  the  deposits  of 
this  nature  have  originated.  This  is  the  suc- 
cessive growth  and  decay  of  vegetable  substances 
of  various  kinds.  It  is  not  possible  to  enter  on 
this  part  of  the  subject  here ;  but  it  is  necessaiy 
to  enumerate  the  different  circumstances  under 
which  this  substance  is  formed,  as  it  tends  to 
illustrate  the  different  varieties  which  it  presents. 

It  is  found  on  declivities  which  are  easily 
drained  ;  generally  in  very  thin  beds,  and  of  a 
loose  texture,  forming  the  mountain  peat,  or 
heath  soil,  of  agriculturists.  On  the  margins  of 
lakes,  it  occurs  in  a  solid  form ;  tending,  by  its 
annual  increase,  ultimately  to  obliterate  their 
cavities,  and  thus  to  produce  many  of  those  ex- 


Digitized  by 


Google 


pmjlT.  641 

tensive  basin-like  deposits,  now  found  in  moun- 
tainous countries,  and  which  so  often  include 
beds  of  marie  formed  from  the  shelUiish  that 
once  inhabited  their  waters.  In  a  similar  man- 
ner it  occurs  in  low  undrained  or  marshy  situa- 
tions. Where  antient  forests  have  fallen,  it  is 
also  found,  sometimes  forming  very  extensive 
tracts,  and  generally  distinguishable  by  the  pecu- 
liar structure  of  the  mass,  and  by  the  remains  of 
trees  imbedded.  It  als6  occurs  on  flat  sea  shores, 
being  generally,  in  these  cases,  much  intermixed 
with  sand,  and  having  been  generated  by  the 
growth  and  decay  of  zostera  marina  and  various 
semimaritime  and  marine  plants.  Lastly  it  is 
found,  often  in  very  considerable  tracts,  deposited 
at  some  distance  from  the  places  where  it  was 
formed,  and  at  first  in  a  semifluid  state ;  being 
afterwards  consolidated  into  a  very  compact  mass, 
by  the  drainage  of  the  water. 

Recent  animal  remains  and  works  of  art,  are 
occasionally  contained  in  peat. 
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SYNOPSIS  OF  PEAT. 


A.  Loose  or  powdery^  and  often  intermixed  fritb 
clay  or  sand:  mountain  and  heath  peat. 

6.  Spongy,  imperfect,  and  containing  a  large 
proportion,  of  the  roots  and  fragments  of  undeeom- 
posed  vegetables. 

C.  Compact,  but  still  retaining  numerous  frag- 
ments of  vegetables  and  passing  into  the  former. 
This  is  the  most  ordinary  variety  of  that  used  for  fuel. 

D.  Highly  compacted,  with  a  total  loss  of  the 
vegetable  texture.  The  specific  gravity  of  this  is 
greater  than  that  of  the  last,  and  it  burns,  nearly  like 
coal,  with  a  considerable  flame.  It  is  much  more  rare 
than  the  former  varieties,  but  is  found  in  North  Dist 
and  the  adjoining  islands. 

ITie  varieties  B^  C,  D,  are  commonly  found 
in  the  same  deposit ;  B,  C,  always  ;  the  spongy 
kiods  being  at  the  top,  and  the  compact  below. 
The  progress  of  vegetable  decomposition,  or  of  the 
perfection  of  the  peat,  is  thus  indicated.  When 
wet,  and  in  their  native  places,  all  the  varieties  of 
peat  are  soft,  but  they  become  hard  by  drying. 

E.  Compact,  generally  flaky  when  dry,  and  con- 
taining fragments,  roots,  and  trunks  of  trees.  Forest 
peat. 

F.  When  wet,  a  mixture  of  water  and  fine  pow- 
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der  of  peat :  on  dryiDg,  very  compact.    Transported 
peat ;  forming  fluid  bogs. 

G.     Containing  bitumen.     Bituminous  peat. 

As  long  as  the  growth  of  the  vegetables  pro- 
ceeds, the  peat  is  perpetually  renewed  after  re- 
moval; but  the  process,  except  in  the  case  of 
transported  peat,  ceases  when  the  vegetating  sur- 
face is  removed,  unless  it  is  renewed  by  nature 
or  by  artificial  means. 
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ADDITIONS  AND  CORRECTIONS. 


|^%)^^^^" 


DIALLAGE  ROCK. 

'  When  the  preceding  pages  were  written,  and 
indeed  until  the  greater  part  bad  been  printed,  I 
bad  no  practical  knt^wledge  of  the  geological  con- 
nections of  diallage  rock,  and  was  unable  to  pro- 
cure any  accurate  information  respecting  it.  I 
was  therefore  compelled  to  leave  it  as  a  subject 
for  future  correction ;  but  it  was.  enumerated  at 
the  end  of  the  article  on  Granite,  as  I  had  been 
informed  by  an  observer  that  it  was  an  unstrati- 
fied  rock,  and  that  it  belonged  to  the  primary 
class.  The  nature  of  its  composition  seemed  to 
claim  that  as  its  most  probable  place. 

Having,  since  that  period,  had  an  opportunity 
of  examining  it  in  Shetland,  where  it  forms  an 
extensive  tract,  the  following  description,  drawn 
from  its  characters  in  that  country,  is  subjoined. 
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It  ought,  of  course,  to  be  introduced  into  the 
tabular  arrangement  among  the  stratified  rocks 
of  the  primary  class ;  and,  as  it  occurs,  indiflfer- 
ently,  in  company  with  gneiss,  micaceous  schist, 
chlorite  schist,  and  argillaceous  schist,  while  it  is 
at  the  same  time  rare,  it  may  conveniently  be 
placed  in  the  table  immediately  before  limestone. 

It  abounds  in  the  islands  of  Unst,  Balta,  and 
Fetlar ;  and  occurs  also,  but  in  very  small  quan- 
tity, at  the  northern  extremity  of  the  Mainland 
of  Shetland.  It  appears  further  to  exist,  in  a 
very  limited  manner,  in  Ayrshire  and  in  Corn- 
wall ;  and  I  formerly  remarked  that  it  was  said 
to  be  abundant  in  Piedmont  and  in  Corsica. 

In  Shetland,  the  largest  mass  of  this  rock, 
which  is  that  of  Unst,  succeeds,  in  some  places, 
to  gneiss ;  in  others,  to  micaceous  schist,  chlorite 
schist,  and  argillaceous  schist;  and  it  is  also 
found,  both  in  this  island  and  in  Fetlar,  in  contact 
with  serpentine. 

Although  the  stratification  is  often  very  ob- 
scure, it  may  be  determined  without  much  diffi- 
culty; partly  by  the  conformable  direction  of 
the  masses  to  the  prevailing  bearing  of  the  ac- 
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companying  strata,  and  partly  by  its  alteruatiou 
with  these ;  while,  in  a  few  instances,  it  is  per- 
f^tly  distinct ;  the  strata,  at  the  saaie  time,  being 
prolonged  in  a  parallel  direction  to  the  general 
bearing,  and  dipping  in  the  same  manneras  those 
of  the  neighbouring  rocks. 

The  strata  of  diallage  rock  are  intersected  in 
all  directions  by  innumerable  joints,  from  which 
their  frequent  obscurity  arises.  From  this  cause, 
the  protruding  sur&ces  present  an  aspect  re- 
sembling that  which  is  exhibited  in  similar  cir- 
cumstances by  granite;  an  appearance  which 
has  probably  given  rise  to  the  opinion  that  it  was 
an  unstratified  substance.  This  feature  is  very 
remarkable  in  the  abrupt  cliffs ;  which  are  broken 
in  an  irregular  angular  manner,  by  fissures  so 
numerous  and  extensive,  as  to  confound  all  ap- 
pearance of  stratification. 

As  this  rock  alternates,  on  the  large  scale, 
with  the  primary  schistose  strata  before  men- 
tioned, so  it  frequently  contains  minute  beds  of 
micaceous  schist,  chlorite  schist,  and  talcose 
schist ;  more  rarely,  of  hornblende  and  actinolite 
schists.     In  the  same  manner  it  is  found  to  in- 
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tlude  small  masses  of  serpentine,  as  well  as  to 
alternate  with  large  bodies  of  the  same  rock.  It 
must  also  be  remarked  that,  in  one  or  two  in- 
stances, it  occurs  in  very  thin  beds  among  the 
rocks  now  described,  a^d  very  widely  separated 
from  any  other  masses  of  the  same  substance. 

The  internal  structure,  or  rather  the  texture, 
of  diallage  rock,  is  sometimes  merely  granular 
crystalline ;  *  and  it  therefore  breaks,  like  granite, 
indifferently,  in  any  direction;  although,  from 
its  toughness,  with  great  difficulty.  But  it  is 
often  fissile,  or  breaks  with  more  ease  in  one 
direction  than  another.  The  texture  then  re- 
sembles that  of  gneiss ;  this  effect  being  the 
result  of  a  predominant  parallelism  in  the  crystals 
of  the  diallage.  It  is  very  frequently  also  inter- 
sected by  extremely  thin  veins,  or  laminae,  of 
talc,  chlorite,  or  mica ;  these  being  only  disco- 
vered by  the  yielding  of  the  rock  in  those  parts : 
and  hence  it  is  with  great  difficulty  that  a  true 
fracture  is  procured.  Lastly,  it  is  often  traversed 
by  veins,  resembling  those  which  occur  in  gra^ 
nite  and  in  hypersthene  rock,  in  which  the  con- 
stituent minerals  are  crystallized  in  larger  forms, 
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and  in  which,  either  the  diallage,  or  else  the  fel- 
spar, are  at  times  altogether  absent,  the  one  or 
other  mineral  alone  remaining; 

Diallage  rock  is  either  simple,  or,  essentially, 
compounded  of  felspar  and  diallage ;  the  aspect 
varying  exceedingly  according  to  the  magnitude 
of  the  parts.  When  these  are  very  minute,  it  is 
often  difficult  to  recognize ;  the  peculiar  charac- 
ters of  the  diallage  nearly  disappearing.  The 
colours  of  the  diallage  vary  from  very  pale  greyish 
g^een  to  a  brighter  green,  to  light  and  dark  grey, 
purplish  brown,  and  black.  The  aspect  of  the 
felspar  is  very  various.  It  is  either  platy  and  dis- 
tinct, or  else  confusedly  compacted,  or  very  finely 
granular,  or,  lastly,  uniformly  compact.  The 
colours  are  white,  or  greeuish  grey,  or  grey,  or 
purplish  grey ;  but,  in  Shetland,  the  paler  vari- 
eties predominate.  From  these  several  causes, 
the  general  colour  of  this  rock  varies  from  light 
gi'ey  orjgreenish  grey,  to  dark  grey,  and  brown. 

This  rock  passes  into  talcose  and  cl^lorite  schists 
by  the  intervention  of  mixtures  of  talc  or  chlorite 
with  the  felspar ;  there  appealing  to  be  transi- 
tions from  diallage  to  both  of  these  minerf^s.     I 
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seeais  also  to  pass  in  a  gradual  manner  into  ser- 
pentine ;  or,  at  least,  the  boundaries  of  the  two 
are  not  always  to  be  defined.  For  this  reason  a 
mixture  of  diallage  and  serpentine  has  been  in- 
cluded among  the  varieties  in  the  Synopsis.  It 
will  probably  be  found  to  present  many  other 
modifications  when  it  shall  become  better  known ; 
but,  in  the  mean  time,  I  bare  introduced  into  the 
catalogue,  among  the  more  l^tipiate  varieties, 
all  those  mixtures  in  which  diallage  occupies  ^ 
conspicuous  place;  trusting  to  future  observa- 
tions for  the  correctipn  of  this  still  imperfect 
account. 


SYNOPSIS  OF  DIALLAGE  ROCK. 

FUftST  DIVISION. 

Simple :  of  diajllage  alone.  , 

A*.  A  confused  inixture  of  crystals  of  dii^l^g^.   , 

The  aspect  of  this  simple  rock  varies  fnate** 

rially  according,  to  the  magnitude  of  thecrysfail&t 

and  it  appears  rather  to  form  veins  or  ooncretioM 
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in  the  mixed  rock  than  to  occur  in  distinct  masses 
or  strata. 

SECOND  DIVISION. 

Compound :  of  two  ingredients. 

A.  A  inixtare  of  diallag^  and  felspar. 

a.  With  platy  felspar. 

b.  With  fine  granular  felspar. 

c.  With  compact  felspar. 

The  aspects  of  these  mixtures  vary  much, 
both  according  to  the  proportions  of  the  con- 
stituent minerals  and  to  the  magnitude  of  the 
parts.  These  are  sometimes  so  minute  that  the 
peculiar  character  of  the  diallage  disq>pears. 

B.  Diallage  and  actinolite. 

C.  Diallage  and  talc,  or  chlorite. 

D.  Diallage  and  serpentine* 

The  varieties  B,  C,  are  rare.  D  is  also,  for 
convenience,  enumerated  under  the  head  of  Ser- 
pentine ;  since  it  is  often  difficult  to  determine 
whether  this  variety,  occurring  at  the  common 
boundary  of  diallage  rock  and  serpentine,  belongs 
to  the  former  or  the  latter.  In  general,  in  some 
parts  of  this  transition,  the  diallage  abounds  m 
as  nearly  to  exclude  the  serpentine* 
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THIRD  DIVISION. 
Compound :  of  three  ingredients. 

A.  Diallag^y  felspar,  and  mica* . 

B.  Diallage,  felspar,  and  quartz. 

These  are  rare.  It  is  not  unlikely  that  there 
is  a  quaternary  compound  of  these  ingredients, 
but  it  has  not  fallen  under  my  notice. 

Diallage  rock  contains  imbedded  portions,  or 
rather  laminar  veins,  some  of  which  were  already 
mentioned,  of  talc,  chlorite,  actinolite,  asbestos, 
and  steatite  ;  but  I  am  not  aware  that  it  is  ever 
so  minutely  intermixed  with  any  independent 
minerals  as  to  suffer  any  changes  of  its  character. 
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Thc  examination  of  a  considerable  tract  of 
this  rock  in  Shetland,  has,  like  the  investigation 
of  the  diallage  rock  of  the  same  country,  given 
rise  to  an  important  correction  of  its  history  as  it 
*  was  described  in  the  body  of  the  work  ;  and  for 
the  same  reasons  it  is  introduced  into  the  present 
Appendix. 

There  can  be  no  doubt  respecting  its  stratifi- 
cation in  the  island  of  Unst.  Although  less 
regularly  disposed  in  Fetlar,  it  seems  there  also 
subject  to  the  same  law.  It  will  be  necessary 
therefore  to  remove  it  from  the  division  of  the 
unstratified  rocks,  and  to  place  it  with  the  pri- 
mary strata,  among  which  it  may  conveniently 
follow  limestone. 

In  general,  in  the  tracts  above  mentioned,  the 
great  mass  of  serpentine  seems  rather  to  hold  a 
parallel  course  to  the  stratified  rocks  which  it 
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accompanies,  namely,  diallage  rock<  gnem,  mi- 
caceous schist,  argillaceous  schist,  and  chlorite 
schist,  than  to  be  itself  disposed  in  strata.  Yet, 
in  different  places,  the  courses  of  tbe  individual 
strata  can  be  distinctly  traced,  parallel  to  the 
general  direction  of  the  whole,  and  dipping  in  a 
similar  manner ;.  although  the  seams  or  divisioAs 
between  them  are  not  strongly  marked.  In 
this  respect,  however,  it  is  no  more  obscure  than 
gneiss  and  micaceous  schist  often  are ;  since,  in 
these  also,  the  stratified  disposition  is,  in  indi- 
vidual instances,  rather  inferred  from  analogy 
than  deducibJe.from  observation.  It  still  more 
strongly  resembles  limestone  in  this  respect ;  the 
primary  rocks  of  this  nature  being  often  very 
obscurely  or  imperfectly  stratified;  while, occa- 
sionally, they  show  no  marks  of  that  disposition, 
but  rather  seem  to  form,  like  serpentine,  large 
imbedded  shapeless  masses  or  huge  irr^ular 
nodules. 

It  will  not  be  difficult  now  to  see,  that,  by 
attending  to  the  analogous  disposition  of  these 
limestones,  all  the  masses  of  serpentine  yet  des- 
cribed will  be  found  to  be  disposed  in  similar 
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modes ;  forming  large  irregular  masses,  or  smaller 
nodules;  or  else  stratified  in  a  manner  more 
decided  and  general,  or  in  the  shape  of  small 
evanescent  beds  included  in  other  strata. 

In  some  instances  indeed,  as  in  Aberdeen- 
shire, they  form  nodules  in  granite ;  a  position 
in  which  1  believe  limestone  has  not  been  found. 

It  ought  also  to  be  added,  as  a  correction  to 
the  article  on  serpentine,  that  this  rock  is  occa- 
sionally schistose  ;  splitting,  as  it  would  appear, 
always  in  the  direction  of  the  stratum. 

In  Shetland,  serpentine  contains  chromat  of 
iron;  often  in  great  abundance,  and  so  inter- 
spersed in  gi*ains  throughout  the  rock  as  mate* 
rially  to  alter  its  appearance  and  characters. 


In  consequence  of  these  two  alterations,  I 
have  thought  it  necessary  to  reprint  the  tabular 
view  of  rocks  given  at  p.  78 ;  which  will  there- 
fore now  stand  under  the  following  form  : 
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PRIMARY  CLASS. 

UNSTRAT1FIED. 

Granite. 

STRATIFIED, 

Goeiss.  Red  sandstone. 

Micaceous  schist.  Argillaceous  schist. 

Chlorite  schist.  Diallage  rock. 

Talcose  schist.  Limestone. 

Hornblende  schbt.  Serpentine. 

Actinolite  schist.  Compact  felspar. 
Quartz  rock. 

SECONDARY  CLASS. 

STRATIFIED. 

Lowest  (red)  sandstone.  Limestone. 

Superior  sandstones.  Shale. 

UH8TRATIFIED. 

OirerIying(and  renous)  Pitchstone. 

rocks. 

OCCASIONAL  ROCKS. 
Jasper.  Gypsum. 

Siliceous  schist.  Conglomerate  rocks. 

Chert.  Veinstones. 

APPENDIX. 
Volcanic  rocks.  Alluria. 

Clay,  marle»  sand.  Lignite. 

Coal.  Peat. 

BMD. 


JoMph  MaOBtt,  PrlMw.  99,  Wardour  SUMt.  Soho.  London. 
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